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NOTE. 


The considerable bulk of the volume of Transactions has induced the Publiea- 
tion Committee to direct the insertion of a summary of the Society membership in 
place of the complete list of members which was published in the earlier volumes. 
The summary attaching to this issue is that which appears in the catalogue of the 
Society issued with corrections to July, 1905. Reference for complete list should 
be made to the ** Geographical List * for July, 1905. 


FOREIGN COUNTRIES. 


Membership Membership. 
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India 
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Japan 
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Australia 
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Canada 


China... 
Cuba 
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Total Foreign Membership 


Unrrep States. 


embership. Membership 

Alaska.... Nevada ... 
Arizona 2 New Ilampshire 
Arkansas New Jersey 
California New York 
Colorado North Carolina 
Connecticut , North Dakota 
Delaware 
District Columbia 
Oregon ... 
Hawaiian Islands 
Illinois f | Porto Rico 

Rhode Island 

South Carolina 

| South Dakota 

Kentucky Tennessee 
Louisiana 
Maine 
Maryland Vermont 
Massachusetts 25) Virginia... 
Michigan Washington 
Minnesota West Virginia 
Missouri eve Wisconsin 
Montana 


Total Membership in the United States ....... : 


or 


Cer 
Great Britain (England)... .. 
Great Britain (Scotland)..... Trmidad, 1... 1 
. 2 742 


TERRITORIAL LIST, 


GEOGRAPHICAL SUMMARY. 
Total Foreign Membership ......... 
Total Membe ‘rship in United Sté 2,74 
* Present Address Unknown 


Total Membership 


SUMMARY OF MEMBERSHIP BY GRADES. 


Honorary Members 
Members 


Total Membership 
+ Life Members ... 


* These are Chas, J. Hillard, Chas. R. Johnston, John O. Norbom, Anthony Victorin, Members, 
and L. G. C, Mayer, Junior, and if any member knows their present addresses he will confer a favor 
by so advising the Secrets ary. 


t These Life Members are included in the total membership above, in the class to which they 
belong. 
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AMERICAN SOCIETY OF MECHANICAL 


ENGINEERS. 


CONSTITUTION, 


NAME, OBJECT AND GOVERNMENT. 


C1. The title of this Society is “* The American Society of 
Mechanical Engineers.”’ 

C2. The object of the Society is to promote the Arts and 
Sciences connected with Engineering and Mechanical Construc- 
tion. The principal means for this purpose shall be the holding 
of meetings for the reading and discussion of professional papers, 
and for social intercourse; the publication and distribution of its 
papers and discussions; and the maintenance of an Engineering 
Library. 

C3. The Society shall be governed by this Constitution, and 
by By-Laws and Rules in harmony therewith. 


C 4. The Society was organized as a Corporacvion under the 
laws of the State of New York, April 7, 1880. Its offices shall 
be Jocated in the City of New York. 


MEMBERSHIP. 


C5. Persons connected with the Arts and Sciences relating 
to Engineering or Mechanical Construction may be eligible for 
admission into the Society. 

C6. The membership of the Society shall consist of Hon- 
orary Members, Members, Associates and Juniors. 


Ilonorary 
Members, Members and Associates are entitled to vote and to 


hold office. Juniors shall not be entitled to vote nor to be 
officers of the Society, but shall be entitled to the other privileges 
of membership. 


C 7. Honorary Members, Members and Associates are en- 
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titled to vote on all questions before any meeting of the Society, 
in person or by proxy, given to a voting member. A proxy 
shall not be valid for a greater time than six months. 

C8. Honorary Members shall be persons of acknowledged 
professional eminence, and their number shall not exceed twenty- 
five at any time. 

C9. A Member must have been so connected with Engi- 
neering as to be competent, as a designer or as a constructor, 
to take responsible charge of work in his branch of Engineering, 
or he must have served as a teacher of Engineering for more 
than five years. A Member shall be thirty years of age or over. 

C10. An Associate must either have the other qualifications 
of a Member or be so connected with Engineering as to be com- 
petent to take charge of engineering work, or to co-operate with 
Engineers. An Associate shall be twenty-six years of age or 
over. 

C11. A Junior must have had such engineering experience 
as will enable him to fill a responsible subordinate position in 
engineering work, or he must be a graduate of an engineering 
school. A Junior shall be twenty-one years of age or over. 

© 12. The rights and privileges of every Honorary Member, 
Member, Associate and Junior shall be personal to himself, and 
shall not be transferable or transmissible by his own act or by 
operation of law. 


ADMISSION, 


© 13. Jlonorary Members shall be nominated by at least ten 
members of the Society. The grounds upon which the nomina- 
tion is made, shall be presented to the Council in writing. 

C 14. All applications for membership to the grades of 
Member, Associate or Junior shall be presented to the Council, 
which shall consider and act upon eacn application, assigning 
each approved applicant to the grade of membership to which, 
in the judgment of the Council, his qualifications entitle him. 
The name of each candidate thus approved by the Council, shall, 
unless objection is made by the applicant, be submitted to the 
voting membership for election, by means of a letter-ballot. 


}15. Associates or Juniors desiring to change their grade of 
membership shall make application to the Council in the same 
manner as is required in the case of a new applicant. 
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(16. Election to membership shall be by a sealed letter- 
ballot as the By-Laws shall provide. Adverse votes to the num- 
ber of two per cent. of the votes cast shall be required to defeat 
the election of an applicant for any grade of membership. The 
Council, may in its discretion, order a second ballot upon a de- 
feated applicant, in which case adverse votes to the number of 
four per cent. of the votes cast, shall be required to defeat the 
election. 

C17. The election of Honorary Members shall be by a vote 
of the Council taken by letter-ballot, as provided in the By-Laws. 
One dissenting vote shall defeat such election. 

C18. Each person elected, excepting Honorary Members, 
shall subscribe to this Constitution, and shall pay the initiation 
fee before he can be entitled to the rights and privileges of 
membership. If such person does not comply with this require- 
ment within six months after notice of his election, he will be 
deemed to have declined election. The Council may, thereupon, 
declare his election void. 


INITIATION FEES AND DUES. 


C19. The initiation fee for membership in each grade shall 
be as follows: 
For Member. ...... Twenty-five Dollars, 
For Associate Twenty-five Dollars, 
For Junior Fifteen Dollars. 


C 20. A Junior, on promotion to any other grade of member- 
ship, shall pay an additional fee of Ten Dollars. 
C21. The annual dues for membership in each grade shall 
be as follows: 
Fifteen Dollars, 
Fifteen Dollars, 
Ten Dollars for the first 
six years of his membership and thereafter the 
same as for an Associate. 


C 22. The Council may in its discretion, permit any Member 
or Associate to become a Life Member in the same grade, by the 
payment at one time of an amount sufficient to purchase from 
the Equitable Life Assurance Society of New York, an annuity 
on the life of a person of the age of the applicant equal to the 
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annual dues in his grade. Such Life Member shall not be liable 
thereafter for annual dues. 

C 23. The Council shall have the power, by letter-ballot, to 
admit to Life Membership, without the payment of a life mem- 
bership fee, any person who, for a long term of years, has been 
a Member or an Associate when, for special reasons, such pro- 
cedure would, in its judgment, promote the best interests of the 
Society, provided that notice of such proposed action shall have 
been given at a previous meeting of the Council. One dissent- 
ing vote shall defeat such admission. 


SUSPENSIONS AND EXPULSIONS, 


C 24, Any Member, Associate or Junior who shall leave his 
annual dues unpaid for one year, shall not receive the volume of 
Transactions until such arrears are paid. Any Member, Asso- 
ciate or Junior who shall leave his dues unpaid for two years, 
shall, in the diseretion of the Council, have his name stricken 
from the roll of membership, and shall cease to have any further 
rights as such. 

C25. The Council may refuse to receive the dues of any 
member of any grade, who shall have been adjudged by the 
Council to have violated the Constitution or By-Laws of the 
Society, or who, in the opinion of the Council by a two-thirds 
vote, shall have been guilty of conduct rendering him unfit to 
continue in its membership; and the Council may expel such 
person and remove his name from the list of members. 


THE COUNCIL, 


C 26. The affairs of the Society shall be managed by a Board 
of Directors chosen from among its Members and Associates, 
which shall be styled ‘* The Council.’? The Council shall consist 
of the President of the Society, who shall be the presiding officer, 
six Vice-Presidents, nine Managers, the Treasurer and five Past 
Presidents. Five members of the Council shall constitute a 
quorum for the transaction of business. The Secretary may 
take part in the deliberations of the Council, but shall not have 
a vote therein. The Chairman of the Finance Committee shall 
attend the meetings of the Council and take part in the discus- 
sion of financial questions but shall not have a vote. 
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C 27. The five surviving Past Presidents who last held the 
office shall be members of the Council with all the rights, priv- 
ileges and duties of the other members of the Council. 

C28. The Council thus constituted shall be the legal Trustee 
of the Society. All gifts or bequests not designated for a specific 
purpose shall be invested by the Council, and only the income 
therefrom may be used for current expenses. 

( 29. Should a vacancy occur in the Council, or in any elec- 
tive office except the presidency, through death, resignation or 
other cause, the Council may elect a Member or Associate to fill 
the vacaney until the next annual election. 

C30. The Council shall regulate its own proceedings, and 
may by resolution delegate specific powers to an Executive 
Committee or to any one or more members of the Council. No 
act of the Executive Committee or of a delegate shall be binding 
until it has been approved by a resolution of the Council. 

C31. The Council shall present at the Annual Meeting of 
the Society a report verified by the President or Treasurer or 
by a majority of the members of the Council, showing the whole 
amount of real and personal property owned by the Society, 
where located, and where and how invested, and the amount 
and nature of the property acquired during the year immediately 
preceding the date of the report, and the manner of the acquisi- 
tion; the amount applied, appropriated or expended during the 
year immediately preceding such date, and the purposes, objects 
or persons to or for which such applications, appropriations or 
expenditures have been made; also the names and places of resi- 
dence of the persons who have been admitted to membership in 
the Society during the last year, which report shall be filed 
with the records of the Society, and an abstract thereof shall be 
entered in the minutes of the proceedings of the Annual Meeting. 

C32. Anact of the Council, which shall have received the 
expressed or the implied sanction of the membership at the next 
subsequent meeting of the Society, shall be deemed to be the act 
of the Society, and shall not afterwards be impeached by any 
member. 

C33. The Council may, by a two-thirds vote of the members 
present, declare any elective office vacant, on the failure of its 
incumbent for one year, from inability or otherwise, to attend 
the Council meetings, or to perform the duties of his office, and 

shall thereupon appoint a Member or Associate to fill the vacancy 
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until the next Annual Meeting. The said appointment shall not 
render the appointee ineligible to election to any office. 


OFFICERS. 


C 34. At each Annual Meeting there shall be elected from 
among the Members and Associates: 
A President to hold office for one year. 
Three Vice-Presidents, each to hold office for two years. 
Three Managers, each to hold office for three years. 
A Treasurer to hold office for one year. 

C35. The election of officers shall be by sealed letter-ballot, 
as the By-Laws shall provide. 

C 36. The term of all elective officers shall begin on the ad- 
journment of the Annual Meeting of the Society. Officers shall 
continue in their respective offices until their successors have been 
elected and have accepted their offices. 

C 37. A President, Vice-President or Manager shall not be 
eligible for immediate re-election to the same office at the expira- 
tion of the term for which he was elected. 

C38. The Council, at its first meeting after the Annual 
Meeting of the Society, shall appoint a person of the grade of 
Member to serve as Secretary of the Society for one year, sub- 
ject to removal for cause by an affirmative vote of fifteen mem- 
bers of the Council, at any time after one month’s written notice 
has been given him to show cause why he should not be re- 
moved, and he has been heard in his own defense, if he so de- 
sires. The Secretary shall receive a salary which shall be fixed 
by the Council at the time of his appointment. 

C 39. The President, Secretary and Treasurer shall perform 
the duties legally or customarily attaching to their respective 
offices under the Laws of the State of New York, and such other 
duties as may be required of them by the Council. 

C 40. A vacancy in the office of President shall be filled by 
the Vice-President, who is senior by age. 


MEETINGS, 


C41. The Society shall hold two meetings in each year. The 
Annual Meeting shall begin in New York City on the first Tues- 
day in December, and a Semi-Annual Meeting shall be held at 
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such time and place as the Council may appoint. Fifty Members 
and Associates shall constitute a quorum for the transaction of 
business. 

C 42. Special meetings of the Society may be called at any 
time at the discretion of the Council, or shall be called by the 
President upon the written request of fifty members entitled to 
vote, the notices for such meetings to state the business for 
which such meeting is called, and no other business shall be 
entertained or transacted at that meeting. 

C 43. Any appropriation recommended by the Society at a 
meeting shall not take effect until it has been approved by the 
Council. 

C 44. Every question which shall come before a meeting of 
the Society or of the Council or a Committee, shall be decided 
by a majority of the votes cast, unless otherwise provided in this 
Constitution or the By-Laws, or the Laws of the State of New 
York. The Council may order the submission of any question 
to the membership for discussion by letter-ballot. Any meeting 
of the Society at which a quorum is present, may order the sub- 
mission of any question to the membership for discussion by 
letter-ballot. 


STANDING COMMITTEES. 


C 45. The Standing Committees of the Society to be ap- 
pointed by the President shall be: 
Finance Committee, 
Committee on Meetings, 
Publication Committee, 
Membership Committee, 
Library Committee, 
Ilouse Committee. 
C 46. There shall be a John Fritz Medal Committee of three 
members appointed as provided in the By-Laws. 
C 47. The Annual Committees shall be: 
An Executive Committee, appointed by the Council. 
A Nominating Committee, appointed by the President. 
Tellers as required by the By-Laws, appointed ‘by the 
President. 
C 48. Special Nominating Committee: 
Twenty or more members entitled to vote may constitute 
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themselves a Special Nominating Committee, with the same 
powers as the Annual Nominating Committee. 

C 49. Professional Committees: 

The Council shall have power to appoint, upon a recom- 
mendation of the Society at a general meeting, or upon its own 
initiative, such Professional Committees as it may deem desira- 
ble, to investigate, consider and report upon subjects of engineer- 
ing interest. Reports of such committees may be accepted by 
the Society and printed in the Zransactions, but shall not be 
approved or adopted as the action of the Society. Any proposed 
expenses of such committees must be authorized by the Council 
before they are incurred. 

C 50. Each Committee shall perform the duties required of it 
in the By-Laws, or assigned to it by the Council. The Secretary 
of the Society shall be the Secretary of each of the Standing 
Committees. 

C51. The Council may at any time, in its own discretion, 
remove any or all members of any Committee, except a Nom- 
inating Committee; and the vacancy, arising from this or from 
any other cause, shall be filled by appointment by the President, 
except a vacancy in the Executive Committee, which shall be 
filled by the Council. 


SECTIONS OF THE SOCIETY. 


C 52. The Council may, in its discretion, authorize the or- 
ganization of sections or groups of any or all grades of member- 
ship, for professional or scientific purposes which are in harmony 
with the Constitution and By-Laws of this Society. Such see- 
tions or groups may, in the discretion of the Council, be geo- 
graphical or professional, and shall have such powers, and act 
under such rules and regulations as the Council may from time 
to time prescribe. 


TRANSACTIONS. 


C 53. The official record of technical papers and discussion, 
shall be known as the 7ransactions of the Society, and shall be 
published under the direction of the Council. There may be 
included therein, the annual report of the Council, reports of 
Committees, and business records of the Society. 
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C 54. The Society shall claim no exclusive copyright to any 
papers read at its meetings, or any reports or discussions thereon, 
except in the matter of their official publication under the So- 
ciety’s imprint as its 7ransactions. The policy of the Society 
shall be to give the professional and scientific papers read before 
it the widest circulation possible, with the view of making the 
work of the Society known, encouraging Engineering progress 
and extending the professional reputation of its members. 

C55. The Society shall not be responsible for statements or 
opinions advanced in papers or in discussions at its meetings. 
Matters relating to politics or purely to trade shall not be dis- 
cussed at a meeting of the Society, nor be included in the 
Transactions. 

C 56. The Society shall not approve or adopt any standard 
or formula, or approve any engineering or commercial enterprise. 
It shall not allow its imprint or name to be used in any commer- 
cial work or business. 


AMENDMENTS TO THE CONSTITUTION, 


C57. At any semi-annual meeting of the Society any mem- 
ber may propose in writing an amendment to this Constitution. 
Such proposed amendment shall not be voted on at that meeting, 
but shall be open to discussion and to such modification as may 
be accepted by the proposer. -The proposed amendment. shall 
be mailed in printed form by the Secretary to each member of 
the Society entitled to vote, at least sixty days previous to the 
next annual meeting, accompanied by comment by the Council, 
if it so elects. At that annual meeting such proposed amend- 
ment shall be presented for discussion and final amendment, and 
shall subsequently be submitted to all members entitled to vote, 
provided that twenty votes are cast in favor of such submission. 
The final vote on adoption shall be by sealed letter-ballot, clos- 
ing at twelve o’clock noon on the first Monday of March 
following. 

C58. The letter-ballot, accompanied by the text of the pro- 
posed amendment, shall be mailed by the Secretary to each 
member of the Society entitled to vote at least thirty days pre- 
vious to the closure of the voting. The ballots shall be voted, 
canvassed and announced as provided in the By-Laws. The 
adoption of the amendment shall be decided by a majority of the 
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votes cast. An amendment shall take effect on the announce- 
ment of its adoption by the Presiding Officer of the semi-annual 
meeting next following the closure of the vote. 


AMENDMENTS TO BY-LAWS AND RULES. 


C 59. For the further ordering of the affairs of the Society, 
the Council may, by a two-third vote of its members present, 
amend the By-Laws in harmony with this Constitution, pro- 
vided that a written notice of such proposed amendment shall 
have been given at the previous regular meeting of the Council; 
and provided further that the Secretary shall have mailed to 
each member of the Council a copy of such proposed amend- 
ment, at least thirty days in advance of the meeting of the 
Council at which action is to be taken. The amendment shall 
take effect immediately on its passage by the Cotncil. The 
Secretary shall at once mail a copy of such amendment to the 
members of all grades. 

C 60. The Council may, by a majority vote of the members 
present at any meeting, establish, amend or annul Rules for the 


conduct of the business affairs of the Society; for the ordering 
and conduct of its professional or business meetings; and for 
guidance of its committees in their work and reports; provided 
that such Rules are in harmony with the Constitution and By- 
Laws of the Society. 


CONSTITUTION GOES INTO EFFECT. 


C 61. This Constitution shall supersede all previous Rules of 
the Society, and shall go into effect on the announcement by the 
Presiding Officer of its adoption. 


BY-LAWS. 
CANDIDATES FOR MEMBERSHIP. 


Bi. A candidate for admission to the Society as a Member 
or as an Associate must make application on a form approved by 
the Council, upon which he shall write a statement giving a 
complete account of his qualifications and engineering experience, 
and an agreement that he will, if elected, conform to the Con- 
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stitution, By-Laws and Rules of the Society. He must refer to 
at least five Members or Associates to whom he is personally 
known. 


B 2. Applications for membership from Engineers who are 


not resident in the United States or Canada, and who may be 
so situated as not to be personally known to five Members of the 
Society, as required in the foregoing paragraph, may be recom- 
mended for ballot by five members of the Council, after sufficient 
evidence has been secured to show that in their opinion the appli- 
“ant is worthy of admission to the grade which he seeks. 

33. A candidate for admission to the Society as a Junior 
must make application in the same manner as provided for Mem- 
bers, except that he must refer to not less than three Members 
or Associates to whom he is personally known. 

B 4.  ieferences shall not be required of candidates for Hon- 
orary Membership. 

>5. The references for each candidate for admission to the 
Society shall be requested to make a confidential communication 
to the Membership Committee, setting forth in detail such in- 
formation, personally known to referee, as shall enable the 
Council to arrive at a proper estimate of the eligibility of the 
candidate for admission to the Society. 


ELECTION 


OF MEMBERS, 


36. The Secretary shall mail to each member entitled to 
vote, at least thirty days in advance of each annual or semi- 
annual meeting, a ballot stating the names and the respective 
grades of the candidates for membership in the Society which 
have been approved by the Council, and the time of the closure 
of voting. The voter shall prepare his ballot by crossing out 
the names of candidates rejected by him, and shal] enclose said bal- 
lot in a sealed blank ballot envelope which he shall then enclose in 
a second sealed outer envelope on which he shall, for identifica- 
tion, write his name in ink. The ballot thus prepared and en 
closed shall be mailed or delivered unopened to the Tellers of 
Election. The Secretary shall certify to the competency, and 
the signature of all voters. On the closure of voting, the Tellers 
of Election shall first open and destroy the outer envelopes, and 
shall then canvass the ballots, and certify the result to the meet- 
ing of the Society. 


j 
|| 
a 
= 
. i 


XXil CONSTITUTION, BY-LAWS AND RULES OF THE 


B77. The Tellers shall not receive any ballot after the stated 
time of the closure of voting. A ballot without the endorsement 
of the voter, written in ink on the outer envelope, is defective, 
and shall be rejected by the Tellers of Election. 

Bs. The names of those persons elected to membership, with 
their respective grades, shall be embodied in a written report, 
signed by the Tellers, and presented to the next meeting of the 
Society. The President shall then declare them duly elected to 
membership in the Society. The Tellers may, through the 
Secretary, in advance of any meeting advise each candidate of 
the result of the canvass of the votes in his case. The names of 
applicants who are not elected shall neither be announced nor 
recorded in the 7runsactions. 

BY. The endorsers of an applicant who has not been elected, 
may, with his consent, present to the Council a written request 
for a re-submission of his name to ballot. The Council may, in 
its discretion, by a three-fourths vote of the members present, 
order the name of the applicant placed on the next ballot for 
members. 

B10. Election to Honorary Membership shall be by letter- 
ballot of the Council. A notice of such proposed election shall 
be mailed by the Secretary to each member of the Council at 
least sixty days in advance of the date set for the closure of 
such election. 

B11. Each person elected to membership, except an Hon- 
orary Member, must subscribe to the Constitution, By-Laws and 

tules of the Society, and pay the initiation fee before he can 
receive a certificate of membership in the Society. 


ELECTION OF OFFICERS, 


B12. The Secretary shall mail to each member entitled to 
vote, at least thirty days before the Annual Meeting, the names 
of the candidates for office proposed for election by the Nom- 
inating Committee. 

B13. The names of the candidates proposed by the Nom- 
inating Committee or Committees, and the respective offices for 
which they are candidates, shall be printed in separate lists on 
the same ballot sheet, each list of candidates to be printed under 
the names of the members of the particular committee which 
proposed it, 
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> 14. The name of any candidate on the ballot may be 
erased, and the name of any person qualified to hold the office 
written in its stead. The ballot thus prepared must be voted and 
canvassed in the same manner as for the election of members. 
B15. At the first session of the Annual Meeting, the 
Tellers of Election of Officers shall canvass the votes cast for 
the officers of the Society in the manner prescribed for the elec- 
tion of members, and immediately report the result of the can- 
vass to the meeting. The President shall then announce the 
candidates having the greatest number of votes for their respec- 
tive offices, and declare them elected for the ensuing year. 

B16. In case of a tie in the vote for any officer, the Presi- 
dent or, in his absence, the Presiding Officer shall cast the decid- 
ing vote. 

> 17. A ballot which contains more names marked by a cross 
on it than there are officers to be elected, is thereby defective, 
and shall be rejected by the Tellers. 


FEES AND DUES, 


B18. The initiation fee and annual dues of the first year 
shall be due and payable on notice of election to membership, 
and upon that payment the member will be entitled to the Zrans- 
actions for the year. Thereafter the annual dues shall be due 
and payable on the first day of October in each year. 

B19. A member in arrears for one year shall not be entitled 
to vote until such arrears have been paid. Should the right to 
vote be questioned, the books of the Society shall be conclusive 
evidence. 

> 20. The Secretary shall present to the Council the name of 
any Member, Associate or Junior in arrears for more than one 
year, and such member shall not receive the 7ransactions until 
such arrears are fully paid. A person dropped from the rolls 
for non-payment of dues may, in the discretion of the Council, 
be restored to the privileges of membership, upon payment of 
all arrears. 


FINANCIAL ADMINISTRATION, 


B21. The Council at its first meeting in each fiscal year, 
shall consider the recommendations of the Finance Committee 
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concerning the expenditure necessary for the work of the Society 
during that year. The apportioning of the work of the Society 
among the various Standing and other Committees shall be on 
a basis approved by the Council and in harmony with the Con- 
stitution and By-Laws. The appropriations approved by the 
Council, or so much thereof as may be required for the work of 
the Society, shall be expended by the various Committees of the 
Society, and all bills against the Society for such expenditure 
shall be certified by the Committee making the expenditure and 
shall then be sent to the Finance Committee for audit. Money 
shall not be paid out by any officer or employee of the Society 
except upon bills duly audited by the Finance Committee, or by 
resolution of the Council. 


COMMITTEES. 


B22. The President within one month after the Annual 
Meeting shall fill all vacancies in tlfe Standing Committees by 
appointment from the membership of the Society. 

Each of the Standing and the Annual Committees, shall, at 
their first meeting after the Annual Meeting, elect a Chairman 
to serve for one year. The President shall appoint the Chair- 
man of each Professional Committee. A member of a Standing 
Committee whose term of office has expired, shall continue to 
serve until his successor shall have been appointed. 


FINANCE COMMITTEE, 


B 23. The Finance Committee shall consist of five Members 
or Associates. The term of office of one member of the Com- 
mittee shall expire at the end of each Annual Meeting. This 
Committee shall, in the discretion of the Council, have a super- 
vision of the financial affairs of the Society, including the 
books of account. The Committee may cause the accounts of 
the Society to be audited and approved annually by a chartered 
or other competent public accountant. The Committee shall 
hold monthly meetings for the audit of bills and such other busi- 
ness as shall come before it and shall deliver to the Secretary for 
presentation to the Council at the end of each fiscal year, a re- 
port of the financial condition of the Society for the past year, 
and also shall present therewith a detailed estimate of the prob- 
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able income and expenditure of the Society for the following 
twelve months. It shall make recommendations to the Council 
as to investments, and, when called upon by the Council, advise 
upon financial questions. 


COMMITTEE ON MEETINGS. 


B 24. The Committee on Meetings shall consist of five per- 
sons who may be members of any grade. The term of office of 
one member of the Committee shall expire at the end of each 
Annual Meeting. It shall be the duty of the Committee to pro- 
cure professional papers, to pass upon their suitability for pres- 
entation, and to suggest topical subjects for discussion at the 
meetings. The Committee may refer any paper presented to 
the Society to a person or persons, especially qualified by the- 
oretical knowledge or practical experience, for their suggestions 
or opinions as to the suitability of the paper for presentation. 
Papers from non-members shall not be accepted except by unan- 
imous vote of the Committee. 

The Committee shall arrange the programme of each meeting 
of the Society, and shall have general charge of the entertain- 
ments to be provided for the members and guests at each meet- 
ing. It shall prohibit the distribution or exhibition at the head- 
quarters or at the meeting places of the Society of all advertising 
circulars, pamphlets or samples of commercial apparatus or 
machinery. At the end of each fiscal year, the Committee shall 
deliver to the Secretary for presentation to the Council, a de- 
tailed report of its work. 


PUBLICATION COMMITTER. 


$25. The Publication Committee shall consist of five Mem- 


bers or Associates. The term of office of one member shall ex- 
pire at the end of each Annual Meeting. The Committee shall 
review all papers and discussions which have been presented at 
the meetings, and shall decide what papers or discussions, or 
parts of the same, shall be printed in the 7ransuctions of the 
Society. The Committee will be expected to publish all such 
data as will be of assistance to engineers or investigators in their 
work. At the end of each fiscal year, the Committee shall 
deliver to the Secretary for presentation to the Council, a de- 
tailed report of its work. 
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MEMBERSHIP COMMITTEE. 


B 26. The Membership Committee shall consist of five Mem- 
bers or Associates. The term of office of one member of the 
Committee shall expire at the end of each Annual Meeting. It 
shall be the duty of this Committee: 

To meet monthly to receive and scrutinize all appli- 
‘ations for membership to the Society. 

To send to each voting member the name, qualifica- 
tions, engineering experience and references of 
each applicant, together with extracts from the 
Constitution and By-Laws relating to member- 
ship. 

To seek further information as to the qualifications 
of an applicant, whose evidence of eligibility is 
not clear to the Committee. 

To report to each session of the Council the names 
of all applicants under consideration together 
with the action of the Committee on each. 

The Committee shall at once destroy all correspondence in 
relation to each applicant when his name has been placed on the 
ballot by order of the Council, or upon the withdrawal of the 
application. 

LIBRARY COMMITTEE. 

B27. The Library Committee shall consist of five Members, 
Associates or Juniors. The term of office of one member of the 
Committee shall expire at the end of each Annual Meeting. It 
shall be the duty of the Library Committee to take charge of 
the Library of the Society, the historical relics, the paintings 
and objects of art, and to recommend to the Council suitable 
regulations for their care and use. At the end of each fiscal 
year, the Committee shall deliver to the Secretary, a detailed 
report of its work. 


HOUSE COMMITTEE. 


B 28. The House Committee shall consist of five Members, 
Associates or Juniors. The term of office of one member of the 
Committee shall expire at the end of each Annual Meeting. It 
shall be the duty of the House Committee to have the care, 
management and maintenance of the house of the Society and 


its furnishings. They may make rules for the care and the use 
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of the Society Ilouse, subject to the approval of the Council. 
At the end of each fiscal year, the Committee shall deliver to 
the Secretary a detailed report of its work. 


EXECUTIVE COMMITTEE. 


B20. The Council shall appoint from its members an Execu- 
tive Committee to act for the Council during the interval between 
its sessions. The Committee shall make a report of its acts to 
each session of the Council for approval. The Secretary may 
take part in the deliberations of the Execu.ive Committee, but 
shall not have a vote therein. 


NOMINATING COMMITTEES. 


> 30. A Nominating Committee of five Members, not mem- 
bers of the Council, shall be appointed by the President within 
three months after he assumes office. It shall be the duty of 
this Committee to send to the Secretary on or before October 
first the names of consenting nominees for the elective offices 
next falling vacant under the Constitution. 


Upon the request 
of any Member or Associate, the Secretary shall furnish to the 
applicant the names of such nominees. 


> 31. A special Nominating Committee if organized, shall, 
on or before October twentieth, present to the Secretary the 
names of the candidates nominated by it for the elective offices 
next falling vacant under the Constitution, together with the 
written consent of each. 


JOHN FRITZ MEDAL COMMITTEE, 


332. The John Fritz Medal Committee shall consist of three 
persons of the grade of Member, to be appointed by the Council. 
The term of office of one member of this Committee shall expire 
at the end of each annual meeting. The duty of this Committee 
shall be to represent the Society in the Board of Trustees of the 
John Fritz Medal Fund Corporation. 


REPRESENTATIVE DELEGATES. 


B 33. The Council may in its discretion appoint a member 
or members of the Society or other person or persons to repre- 
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sent it at meetings of Societies of kindred aim or at public 
functions. Such delegates shall be designated as ‘* Honorary 
Vice-Presidents,’’ and their duties shall terminate with the occa- 
sion for which they were appointed. 


TELLERS. 


3 34. The Presiding Officer shall, at the first session of the 
Annual Meeting, appoint three Tellers of Election of officers, 
whose duties shall be to canvass the votes cast, and report the 
result to the meeting. Their term of office shall terminate 
when their report of the canvass is presented to the meeting. 

B 35. The President within one month after assuming office 
shall appoint three Tellers of Election of members to serve for 
one year, whose duties shall be to canvass the votes cast for 
members during the year, and to certify the same to the Presi- 
dent. They shall notify candidates through the Secretary of 
the result of such election. 

B 36. The President shall appoint three Tellers to canvass 
any letter-ballots which shall be ordered by the Council or by 
the Society. 


MEETINGS, 


B37. The meetings of the Society shall continue from day 
to day as the meeting may decide. The business session of the 
Annual Meeting shall be held on Wednesday following the first 
Tuesday of December. The professional sessions for the reading 
of papers shall be held at such times and places as the meeting 
may appoint. Notices of all meetings of the Society shall be 
mailed by the Secretary to members of all grades not less than 
thirty days before the date of such meeting. 


SECRETARY. 


B38. The Secretary of the Society shall be the Secretary to 
the Council and also to each of the Standing Committees. 

The Secretary shall, under the supervision of the Finance 
Committee, have charge of the Books of Account of the Society. 

He shall make and collect all bills against members or others. 

He shall have charge of all bills against the Society, shall 
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keep an account of the same, and shall present them in proper 
form to the Finance Committee for audit. 

All funds received by any person for the Society, shall be de- 
livered to the Secretary. He shall immediately enter them in 
the Books of Account, and shall immediately deposit such funds 
as he receives, to the credit of the Society, in a Bank to be des- 
ignated by the Council. 


TREASURER. 


B 39. The Treasurer shall make payments only on the audit 
of the Finance Committee, or upon the direction of the Council, 
by resolution of that body. He shall furnish a bond for the 
faithful performance of his duties to such amount as the Council 
may require, such bond to be procured from an incorporated 
Guarantee Company, at the expense of the Society. 


TITLES, EMBLEMS, CERTIFCATE, 


B 40. Each Member and Associate shall, subject to such rules 
as the Council may establish, be entitled on request, to a certifi- 
cate of membership, signed by the President and Secretary of 
the Society. Every such certificate shall remain the property 
of the Society, and shall be returned to it on demand of the 
Council. 

B41. Each proxy authorizing a person to vote for an absent 
member, shall be signed by such absent member, with an attest- 
ing witness, and be submitted to the Secretary for verification 
of the member’s right to vote at the meeting at which the right 
is to be exercised. 

B42. The emblem of each grade of membership approved 
by the Council shall be worn by those only who belong to that 
grade. The official stationary shall be used only by Officers 
and Committees of the Society. 

B43. The abbreviation of the titles of the various grades of 
membership approved by the Society are as follows: 

For Honorary Members, . . Hon. Mem. Am. Soc. M. E. 
For Members, . . . . . Mem. Am. Soc. M. E. 
For Associates, . . . . . Assoc. Am. Soc. M. E. 


For Juniors,. . . . . . Jun, Am. Soc. M. E. 
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RULES. 


Ri. The Secretary’s office shall be open on business days 
from 9 a.m. to 5.30 p.m. During the Annual Meeting, the office 
shall be open from 9 a.m. to 10 pw. A register shall be kept 
for each regular meeting, to record the attendance of members 
and guests. 

R2. The Secretary shall provide a numbered badge or pin 
for each member or guest attending the regular meetings, the 
number on the badges to correspond with the member’s of 
guest’s number on the register. 

R38. The Secretary shall at each regular meeting of the So- 
ciety distribute at the headquarters a printed list of the names 
registered at the meeting. 

R 4. Copies of papers to be read and discussed at any meet- 
ing shall be sent to each member thirty days in advance of that 
meeting. A paper received too late for such distribution shall 
only be accepted for presentation at that meeting by unanimous 
consent of the Committee on Meetings. <A blank shall accom- 
pany the papers by which a member may signify his intention 
to discuss any of the papers, and priority in debate shall be given 
in the order of the receipt by the Secretary of such notification. 

R5. At professional sessions, each paper shall be read by 
abstract only, ten minutes being allowed to the author for the 
presentation, unless otherwise ordered by the meeting. 

R6. A member who has given notice of his intention to dis- 
cuss a paper, and shall have reduced his discussion to writing, 
shall be entitled to ten minutes for its presentation. 

R 7. Each speaker shall be limited to five minutes in the oral 
discussion of a paper, unless the time should be extended by 
unanimous consent. A member who has once had the floor 
cannot claim it again until all the others have been heard who 
desire to speak on that paper. Authors may have five minutes 
to close the discussion on the paper. 

R8. Members unable to attend the meeting may send a dis- 
cussion of any paper in writing, to be presented by the Sec- 
retary. 

R99. The Committee on Meetings shall deliver to the Secre- 
tary such papers as they recommend for presentation to the 
professional meetings of the Society. 
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R10. The Secretary shall have sole possession of papers and 
illustrations between the time of their approval by the Commit- 
tee on Meetings, and their presentation to the professional session 
of the Society. 

Ril. After the presentation and discussion of a paper, a 
copy of both shall be sent to the author, and, so far as possible, 
acopy of the reported discussion shall be sent to each member 
who presented it, with the request that he correct errors or 
omissions, and return the same promptly to the Secretary. 

R12. Members may order reprints of papers at a price sufli- 
cient to cover the cost to the Society, provided that said copies 
are not for sale. 

R18. The Secretary may furnish to the author twenty copies 
of his paper without charge. He may also furnish to the tech- 
nical press such papers in advance of the meeting as they may 
Wish to publish after presentation to the meeting of Society. 

R. 14. The entertainments to be provided for the members 
and guests at any meeting of this Society in any city shall be in 
charge of a Local Committee, subject, however, to the general 
approval of the Committee on Meetings. 

R15. A member may invite a non-member to the profes- 
sional sessions of the meeting, but the guest shall not take part 
in the proceedings Without an invitation from the Presiding 
Officer. Invitations to guests of members for the entertain- 
ments provided for the Society shall be in the discretion of the 
Local Committee. 

R16. The Society House shall be open at all hours for access 
to members. The Library shall be open on all week days be- 
tween the hours of 10 o’clock a.m. and 10 o’clock p.m. It shall 
be conducted as a Free Public Reference Library of Engineering 
and the Allied Arts and Sciences. 

R17. Juniors who were elected to membership in the Society 
six years or more previous to the adoption of this Constitution, 
shall pay the same dues as an Associate, beginning with the 
fiscal year which opens after such adoption. Juniors, who have 
been elected less than six years before that date, shall pay the 
dues of an Associate on the expiration of six years after their 
election. 
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NEW MEETING 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 


December 6th to 9th, 1904. 


The twenty-fifth annual meeting of the Society was held in the 
city of New York, pursuant to the provisions of the Constitution, 
heginning on the first Tuesday of December, 1904. The increas- 
ing size of the Society and its attendant increase in the numbers 
attending its annual meeting, made it necessary to provide for the 
holding of the large meetings in a hall outside of the Society 
Ifouse. The selection fell upon the hall of the Mendelssohn 
Union, at 113 West Fortieth Street, for the session on Wednesday 
and Thursday. 


The opening session on Tuesday evening and the 
closing session on Friday morning were held in the auditorium of 
the Society House, at No. 12 West Thirty-first Street, but were 
uncomfortably crowded at both sessions. Mr. Ambrose Swasey, 
President of the Society, presided at all the sessions. 


At the opening session on Tuesday evening in the Society 
House, the members met for registration at headquarters and for 
social enjoyment until, at nine o’clock, they were called to order 
in the auditorium for the reading of the President’s address. This 
was entitled “Some Refinements of Mechanical Science,” and 
appears as one of the papers of the meeting. 
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The President at the close of his address called upon Past- 
President Charles Wallace Hunt, who presented to the Society 
for the donor a framed oil portrait of Past-President John E. 
Sweet. It will be remembered that Professor Sweet was one of 
those who, with Messrs. Hl. R. Worthington and Alex. L. Holley, 
were active in the first steps which resulted in the formation of 
the Society. It was made specially fitting by this cireumstance 
that Mr. Hunt should have referred in his address to Past-Presi- 
dent Sweet as one of the founders of the Society and as giving 
special significance to the presence of his portrait upon the walls 
of the convention room. Mr. Hunt’s address of presentation 1s 
published as a paper of the meeting. President Swasey, in a few 
feeling words, accepted the gift as the official representative of 
the Society, and expressed his hope that for many years, as the 
members convened at the suecessful annual meetings of the 
Society, that Professor Sweet might be able to meet with them 
as he was present on this evening. After announcements by the 
Seeretary, a recess was taken for luncheon in the supper room 
below. 


Srconp Session. Wepnespay Morninc DecemBer 7TH, 
10 O’cLocK. 


The second session of the annual meeting is by appointment of 
the constitution the business session of the meeting; pursuant to 
this arrangement, there was presented for record the annual re- 
port of the Council and its standing committees, which had been 
distributed in pamphlet form to all members in advance of the 
meeting. The annual report of the Council and of the committees 
are as follows: 


ANNUAL REPORT OF THE COUNCIL 


Under the provisions of the Constitution the Council presents 
herewith a report of business transacted during the year, together 
with the various reports concerning the approved expenditure and 
the admissions to membership during the fiscal year ending Sep- 
tember 30, 1904. 

The amount of real and personal property owned by the Society, 
the property acquired during the year, the amount applied, appro- 
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NEW YORK MEETING. 
priated or expended and the purposes and objects for which such 
expenditures have been made, will be found in the Report of the 
Finance Committee duly certified by the Audit Company of New 
York. 

The Council appends to this report the names and residences of 
those who have been admitted up to and including September 30th, 
and submit these reports as abstracted, to be entered in the min- 
utes of the Proceedings of the Annual Meeting. 


The neil has held seven meetings during the year. The con- 
stitutio the body was altered by the provisions of the Consti- 
tution ted at the annual meeting in December, 1903, and its 


first meéfing was held under the provisions of the new constitution. 

Messrg. James M. Dodge, D. S. Jacobus and John W. Lieb, with 
the President and Secretary, were appointed an Executive Com- 
mittee. Mr. James M. Dodge was appointed representative of 
the Society on the John Fritz Medal Committee, to take the place 
of Professor Gaetano Lanza whose term was about to expire. 

Messrs. James M. Dodge, Chas. Wallace Hunt and F. R. Hut- 
ton were confirmed as representatives of the Society on the Com- 
mittee on the Joint Engineering Building. 

Messrs. Swasey, Towne and Suplee have been appointed mem- 
bers of a Conference Committee to sit with appointees of the 
other two engineering societies who are to be founder societies in 
the Engineering Building, for the purpose of discussing and mak- 
ing recommendations as to the conduct of the Library which will 
result when the libraries of the founders’ societies are brought 
together, in one place. 

Messrs. Swasey and Freeman were appointed delegates to rep- 
resent:the Society at the incorporation of Professor C. 8. Howe, 
as President of the Case School of Applied Science in Cleveland, 
as Honorary Vice-Presidents under the provisions of the Consti- 
tutépn. 

Ban Robert W. Hunt, Edwin Reynolds and Warren 8S. John- 
were appointed Honorary Vice-Presidents to represent the 
Sdeiety at the Fifty Year Jubilee of the University of Wisconsin. 
‘Messrs. Woolson and Freeman were appointed delegates to the 
‘meeting of the National Fire Protection Association. Messrs. 
‘Charles E. Lucke, H. G. Chatain and Perey C. Idell were ap- 
pointed tellers of election of members. As a Committee on Head- 
quarters at the St. Louis Exposition, Messrs. Robt. H. Fernald, 
M. L. Holman and Wm. H. Bryan were appointed. Professor D. 
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S. Jacobus was appointed representative of the Society on a Joint 
Committee of the four Engineering Societies, on the subject of 
Standard Abbreviations. 

Under the direction of the Council through the President of the 
Society as a special committee, four reunions of the members of 
the Society resident within convenient distance of New York City, 
were held on the last Tuesdays of the months of January, Febru- 
ary, March and April. The speakers on these evenings who made 
the principal addresses were Messrs. John A. Brashear, whose 
address was entitled “ The Evolution of Measurements”; Major 
Rogers Birnie, “ Modern Ordnance”; Julian Kennedy, ‘“ Ilow 
Steel Rails are Made ”’; and W. F. M. Goss, “ The Modern Loco- 
motive.” The Council directed that the annual list of members 
which had hitherto been designated the catalogue of the Society, 
should hereafter be known as its “ Year Book” and directed that 
the portraits of the officers of any Society year should be included 
in the matter pyblished in its Year Book. The Council directed 
also that after the spring meeting a second edition should be issued 
in the form of a “ vest pocket ” or more compact geographical list, 
without the Constitution and By-Laws and without material con- 
cerning the exchanges in the Library. 

The Council took up under the provisions of the Constitution 
the allocation of the different directions of expenditure to the 
various committees provided for in the Constitution. 

It was decided that each standing committee should be respon- 
sible under the Council’s general oversight for the expenditure 
appropriate to its particular work, and that such expenditure as 
did not fall to any other of the standing committees should be allo- 
cated to the Finance Committee for control. The Council con- 
firmed also the system of requisitions and uniform vouchers re- 
ported by its Finance Committee. 

The Council was requested by Mr. Andrew Carnegie, donor of 
the proposed building for the engineering societies to consider 
again the question of uniting with the Institute of Electrical En- 
gineers, and the Institute of Mining Engineers, in the responsi- 
bility attaching to his gift of a building for the joint use of the 
engineering societies, in order that he might be definitely advised 
when the decision had been reached by the American Society of 
Civil Engineers, not to participate in the gift, that such decision 
did not invalidate the action taken by the Council in March, 
1903. 
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The Council convened for this special purpose and passed the 
following minute: 


“At a meeting of the Council of the American Society of Mechanical Engineers 
held in New York City, May 7th, 1903, the following action was taken:”’ 

Resolved, That the American Society of Mechanical Engineers shall unite 
with the American Society of Civil engineers, the American Institute of Elec- 
trical Engineers, the American Institute of Mining Engineers, and The Engineers’ 
Club, or any of them, for the purpose of accepting the gift by Mr. Andrew Car- 
negie for the purpose of erecting suitable buildings for occupancy by various 
societies of engineers. 


At a meeting of the Society held in Saratoga, New York, June 
24, 1903, the following action was taken: 


The American Society of Mechanical Engineers assembled in general session 
at its 47th meeting in Saratoga, N. Y., has learned with the greatest interest 
of the proposed gift to the profession of engineering by Mr. Andrew Carnegie, 
member of the Society, of a million dollars for an engineering building. 

The Society has also been informed of the action taken by its Council in refer- 
ence to making this gift available and serviceable to the needs of this Society. 
Wherefore: 

Be it Resolved, that this Society desires to place on record its appreciation 
of the purpose of Mr. Carnegie, in seeking to advance by this means the inter- 
ests of the profession of engineering, 

Resolved, That by embodying this purpose in the form of a great and noble 
building for the uses of those organizations whose aims are to foster the de- 
velopment of engineering, the donor has taken a step which will notably advance 
these interests: 

Resolved, That the Society approves the prompt response of its Council to 
the opportunity offered to favor and further the interests of the Society which 
are involved in that progress of the profession which lies at the base of the Car- 
negie gift. 

Resolved, That it be referred to the Council with power to transmit by cable- 
gram and letter to Mr. Carnegie the action of the Society, and to carry out by 
further action, the details necessary to realize Mr. Carnegie’s generous purpose. 


On motion the Society expressed its sentiment upon the gift, and 
the resolutions accepting it, by a rising vote, which was unanimous. 

At a meeting of the Council held in New York on March 11, 
1904, subsequent to publication of the decision of the American 
Society of Civil Engineers not to participate in the benefits of the 
proposed gift, the following action was taken: 


Resolved, That the President be instructed to send a copy of the action of the 
Council on May 7th, and of the Society on June 24th, 1903, as contained in the 
foregoing minute, and certify thereto by affixing his signature and the seal of the 
Society. 
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Resolved, That the Council of the Society hereby reaffirms the resolutions 
passed May 7th, and June 24th, 1908, which accept in connection with The 
American Institute of Mining Engineers, and the American Institute of Elec- 
trical Engineers, the trust for engineering created by Mr. Carnegie. 

Resolved, That the President be authorized, over his signature as President 
of the Society, to assure Mr. Carnegie of the earnest desire and unquestionable 
ability of this Society to accept and carry out all obligations incident to such 
acceptance and arising from it. 

By order of the Council, 

(Signed) Swasey, President, 
From the Minutes, 

(Signed) F. R. Hurron, Secretary. 


The Council appointed a committee of residents of the city of 
St. Louis to have charge of the maintenance in Machinery Hall 
of the Louisiana Purchase Exposition of an office which should be 
a headquarters of the Society for the use and convenience of 
members during their visit to the exposition. The Council appro- 
priated $500 for the expenses of such headquarters and referred 
the details to its Committee with power. The Committee with the 
co-operation of Mr. ‘T. M. Moore, Chief of the Department of 
Machinery of the Exposition, arranged for the occupancy of a 
space in the gallery of Machinery Hall and completed arrange- 
ments with Mr. Kurt Toensfeldt to act as custodian of the head- 
quarters, and provision was made by the interested courtesy of 
certain technical journals to have their publications on file in these 
headquarters. As the Exposition has not closed at the date of the 
preparation of this report, it is not possible to present any sum- 
mary concerning the use which has been made of these provisions. 

The Engineers’ Club of St. Louis was invited by the Council to 
joint occupancy of its headquarters in Machinery Hall, if such 
arrangement should prove practicable and convenient. 

The Society of Civil Engineers of France announced their in- 
tention to visit the United States in a somewhat organized party, 
to arrive on August 27th, and to remain until October 5th, follow- 
ing an itinerary laid out for them in advance. The Council directed 
that the courtesy of the facilities at the headquarters of the Society 
should be tendered to the French Society during their sojourn and 
that such arrangements as were in progress for the entertainment 
of the English engineers should also be put at the service of the 
visitors from France. 

It will be recalled that the Chicago Meeting of the Society in 
June, 1904, was a joint meeting or the American Society and of 
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the British Institution of Mechanical Engineers. For the further- 
ing of the purposes of the visitors from Great Britain, arrange- 
ments were made to organize headquarters in each important in- 
dustrial city to which the visiting members might be assigned, by 
letters of introduction which should aceredit them to the expert in 
the particular line of interest of the visitor in that city. 

Such headquarters were appointed in the following centers: 


CALIFORNIA; 


Los ANGELES —Henry E. Brett, 114 No. Spring Street. 


COLORADO: 
Denver—Frank KE. Shepard, Denver Eng'g Works, 605 McPhee Bldg 
cor. 17th and Glenwood Streets. 


CONNECTICUT: 
Harrrorp—-Henry Souther, 440 Capitol Avenue. 
Meripen —(See Hartford). 
New Brirain—(See tlartford). 
New Haven—(See Hartford). 
Norwicu—(See Hartford). 
Warernury—(See Hartford). 


DISTRICT OF COLUMBIA: 
8. Knight, Room 313 MeGill Bldg., 90S G. St., N. W. 


ILLINOIS: 
Cuicaco—R. W. Hunt, The Rookery and Auditorium Hotel, May 31st to 
June 3rd. 
Urpana—L. P. Breckenridge, University of Illinois. 


INDIANA: 
Fort Wayne—H. J. Horstman, Bass Foundry & Machine Co. 
Larayrerre—W. F. M. Goss, Purdue University. 


LOUISIANA: 
New Orteans—W. B. Gregory. 


MARYLAND: 
BattimoreE—B. J. Dashiell, Jr., Detrick & Harvey Machine Co., 508 E. 
Preston Street. 


MASSACHUSETTS: 
Boston—Jno. T. Boyd, care Yale & Towne Mfg. Co., 12 Pearl Street. 
CampripGE—(See Boston). 
WorcesTteR—Headquarters Worcester Board of Trade, (Chas. E. Squier) 
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MICHIGAN: 


Detrrorr—Headquarters Board of Commerce, State Savings Bank Bldg 
(R. Ritchie). 


MISSOURI: 
Sr. Louis—Engineer's Club, 709 Pine Street, and Machinery Hall, Exposi- 
tion Grounds. 


NEW JERSEY: 
TRENTON—S. S. Webber, Trenton Tron Co 


NEW YORK: 
2 i Baravia—Chas. A. Alexander, Johnston Harvester Co 
Burrato—C, H. Bierbaum, 330 Prudential Bldg. 
E_mira—N. B. Payne, The Payne Co. 
NIAGARA Fatts—R. W. Emerson, Natural Food Co. 
* Rocuester—R. B. Cochrane, Cochrane-Bly Machine Works, 7 Griffith Street. 
ScueNeEctapy—H. G. Reist, General Electric Co. 
Syracuse—Geo. H. Shepard, Syracuse University. 
Utrica—Correl Humphrey, Chamber of Commerce. 
WaTERTOWN—L. P. Streeter, N. Y. Air Brake Co. 


OHIO: 
Cincinnati—Headquarters Office of Thos. G. Smith, 412 Carlisle Bldg., 
4th and Walnut Streets. 
CLEVELAND—Ambrose Swasey, Warner & Swasey, Technical Club Rooms, 
Cleveland Arcade, 6th floor. 
MANSFIELD—Jas. M. Brown, Office of Aultman & Taylor Machinery Co. 
MassiLton—Chas. O. Heggem, The Russell & Co. 
Sanpusky—W. H. Milspaugh, Sandusky Foundry & Machine Co. 
ToLtepo—H. T. Yaryan, Toledo Heating & Lighting Co. 
We tston—L. R. Shallenberger, Alma Cement Co. 


PENNSYLVANIA: 
A.ttoona—C. B. Dudley, Penn. R. R. Co. 
Drirron—J. H. Pennington, Coxe Bros. & Co. 
Erre—J. Wittemore, Erie City Iron Works. 
FRANKLIN—B. Haskell, Franklin Rolling Mill & Foundry Co. 
Harrispurc—W. R. Fleming, Harrisburg Foundry & Machine Co. 
JoHNsSTOWN—Jos. Morgan, Jr., Cambria Steel Co. 
Om Crry—A. B. Steen, National Transit Co. 
PHILADELPHIA—Engineers’ Club. 
PirrspurGH—Westinghouse Electric & Manufacturing Co., Room 500, 

Westinghouse Building, Penn Avenue and Ninth Street. 

Scranton—Alfred E. Lister, Room 31, D. & H. Depot or N. C. Durand. 
So. BetHLtEHeM—J. J. McKee, McKee & Milson. 

Waynessoro—L. C. Nordmeyer, Frick Co. 
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RHODE ISLAND: 
ProvipeNce—W. A. Viall, Brown & Sharpe Mfg. Co. 


WISCONSIN: 
Mapison—W. B. & D.C. Jackson and Storm Bull. 
MILWAUKEE—Geo. P. Dravo, 815 Herman Building. 


CANADA: 
Montreat—A. W. Robinson, 14 Phillips Sq., and Canadian Society Civil 
Engineers, 877 Dorchester Street. 


In addition the Seeretary’s office provided a list of practitioners, 
firms or corporations in various lines of importance in the United 


States and these lists were given to the visitors according to his 


preferences or particular interests. 

The Council are pleased to report that by the co-operation of 
the members in the various cities this plan of working to secure 
the purposes of the visits of these gentlemen seemed to be most 
acceptable and useful. 

The authorities of the exposition at St. Louis had requested the 
American Society of Civil Engineers to nominate a group of rep- 
resentive members of the profession who would serve as a Com- 
mittee on Organization for the holding of an Engineering Congress 
during the continuance of the Exposition period. 

The chairman of this committee, Col. II. S. Haines, member of 
this Society, requested the Council to be represented at a meeting 
of the representatives of the four national socicties, and certain 
other bodies, for a conference on the share which each constituent 
would be willing to assume of responsibility for such a congress. + 
It-was the desire of the organizing committee to repeat in 1904 
the Chicago Engineering Congress of 1893. When the represen- 


tatives were assembled it appeared that the Institute of Electrical 
Engineers had already completed arrangements for the holding of 


a congress in Electrical Engineering which was to have a distinctly 
international character. The Institute of Mining Engineers, and 
the Society of Mechanical Engineers were already under arrange- 
ments to conduct joint meetings with English or continental socie- 


ties which were expecting to come to the United States during the 
summer in which the congress would naturally be held. 

In view of these facts, and the Council not being advised that 
there had come before it any expressions from the profession at 


large, indicating its desire for the holding of such a Congress, or 
its interest therein, and in the absence of any provision from the 
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exposition authorities for the expenses unavoidably connected with 
the holding of such a Congress, the Council directed that the organ- 
izing committee be advised that this Society did not see its way 
clear to undertake to be responsible for the Section of Mechan- 
ical Engineering of such a Congress. 

It was the sense of the Couneil that the same effort would be 
expended to better advantage if it were directed to make the regu- 
lar meeting of the Society in June, partake of the character of an 
international reunion. 

The Council has had before it during the year the provision of 
Article C52 concerning the organization of sections of the Society 
for purposes in harmony with its constitution and by-laws. Cor- 
respondence with the Secretary has been held concerning the or- 
ganization of such sections in the cities of Cincinnati and Mil- 
waukee. Other local organizations in various cities have also been 
formed during the year in which members of the Society are ac- 
tively interested. The Council has referred the whole question of 
the organization of sections to a special committee consisting of 
Messrs. Swasey, Hutton, Hunt, Jesse M. Smith, and John W. 
Lieb, Jr. 

This committee has not presented its report of recommendations. 

Through the interested courtesy of Professor J. H. Barr, the 
Smith Premier Typewriter Company has presented to the Society 
a typewriter of its manufacture, together with a convenient and 
improved desk. Mr. H. H. Suplee and Mrs. R. H. Davis, with 
the co-operation of Professor John E. Sweet, have presented to 
the Society a photograph of the first “Straight Line Engine ” 
which was exhibited at the Centennial Exposition in 1876. Mr. 

Charles V. Mapes, in co-operation with Mr. James M. Dodge, has 
presented to the Society a bust in plaster of the late John Ericsson, 
past member of the Society, with an appropriate pedestal. 

Some interested members learning that an unusually excellent 
copy could be obtained of the life-sized portrait of James Watt, 
which had been copied from the original hanging in the National 
Portrait Gallery of London, have made this copy a gift to the So- 
ciety, and it now hangs upon the walls of the auditorium. 

In every case the Council has extended sincere votes of thanks 
to the respective donors. 

Messrs. John E. Sweet and Thomas A. Edison have been elected 


IIonorary Members of the Society, under the provisions of Article 
C17 of the Constitution. 
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Under the appointment of a joint library committee, with the 
other engineering societies, the following communication was re- 
ceived : 


To THE COUNCILS OF THE 
American Institute of Mining Engineers, 
American Society of Mechanical Engineers, 
American Institute of Electrical Engineers 

Gentlemen: At a meeting of the Joint Library Committee held on Txesday 
afternoon, May 17th, 1904, at the office of Mr. John Hays Hammond, No. 71. 
Broadway, New York City, it was resolved that the present status of affairs be 
reported to the Council of the respective societies. 

After extended conference and consideration, two plans have presented them- 
selves in connection with the proposed library: 

First: The more comprehensive plan for a great Engineering and Scientific 
Library. To extend and supplement the present joint collection to realize this 
plan would require the expenditure of about $100,000; and would further, 
involve a continual outlay of $30,000 per annum for maintenance. 

Second: The lesser plan of combining and continuing the existing collections 
of the several societies, numbering some thirty thousand volumes, conserva- 
tively valued at about $80,000, which would not contemplate any immediate 
large outlay for books; the maintenance of which would cost about $12,000 per 
year, or $4,000 for each of the affiliated societies. ; 

While the Committee favors the first plan, it does not see its way clear at 
present to obtaining the necessary funds although it has not as yet abandoned 
hope of being able to do so; but in order to be enabled to make further progress, 
the Joint Library Committee has decided to recommend that it be authorized 
to proceed at present upon plan Second, and be empowered to take action in- 
volving the expenditure of $4,000 annually for each society for the maintenance 
of the joint library, and further, that, as an essential resolution to the execution 
of this plan, that the respective societies, 


Resolved, That the books contributed by the several societies shall be com- 
bined to form a single library, but with provision whereby each volume will be 
so marked and registered as to indicate and preserve the title and ownership in 
the Society by which it is contributed. 

For the Joint Library Committee, 
(Signed) H. H. Supier, Secretary. 


After discussion the Council took the following action: 


Resolved, That the Council of the American Society of Mechanical Engineers 
hereby approves the proposed combination in the Union Engineering Building 
of its Library collection with the similar collections of the other two Societies; 

Provided, That the title and ownership of its collection, and of future additions 
thereto, by purchase from funds provided by this Society, or by donations through 
this Society, shall remain in it, and further; 

Provided, That the provisions of any deeds of gift shall be observed, so far as 
they relate to the organization and conduct of the consolidated Libraries, and 
the title to the volumes therein included; 
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Resolved, That upon the combination of the several Libraries in the manner 
above set forth, this Society will provide annually one-third of the estimated 
sum necessary for the administration and maintenance of the consolidated 
libraries, this sum not to exceed a total of $12,000 per annum for all three So- 
cieties, or $4,000 for each Society, except by unanimous consent; 

Provided, That any portion of the annual amount so contributed not required 
for the purposes of administration and operation shall be expended for the 
purchase of books and other library material under such rules as may be jointly 
adopted, and that the proportionate share of any amount so applied to the 
purchase of books derived from the contribution of this Society shall be ex- 
pended only for such books, or other publications, as may be selected or approved 
by the Library Committee of this Society; 

Resolved, That the books contributed by this Society shall be combined with 
the books of the other constituent Societies to form a single Library, which shall 
be administered as such. 


The Council has approved the recommendation of the Meetings 
Committee and the spring meeting of 1905 will be held in the 
City of Seranton, Pa. 

Under the provision of Art. 31 of the Constitution the Council 
would present the following list of those elected to membership 
during the fiseal year 1905-1904; 


MEMBERS. 


Allen, Benjamin T., Child, E. T., Ellicott, Edw. Beach, 
Harrison, Pa. Jamaica Plain, Mass. Chicago, Ill. 
Allen, Walter Morrison, Clemens, Abraham Bow- Elmes, Charles Warren, 
Cleveland, O. man, Chicago, Il. 
Aiken, Chas. Wilson, Seranton, Pa. Fleming, Henry 8., 
New York, N. Y. Colwell, James Van V., New York, N. Y. 
Albert, Otto. West New Brighton, Folger-Osborne, G. F., 
Muskegon, Mich. jombay, India. 
Albright, H., Conrad, Ernest B., Foucard, Marcel 1.., 
Fleetwood, N. Y. Bayonne, N. J. Streatham Hill, Sur- 
Andrew, James D., Cooke, Fred W., rey, Eng. 
New York, N. Y. Paterson, N. J. Gardner, Thos. M., 
Angus, Joseph Johnson, Corbett, Robert Henry, Ithaca, N. Y. 
Chicago, Il. Houghton, Mich. Gerhard, William Paul, 
Arnold, George, Coster, Maurice, New York City. 
Brooklyn, N. Y. Paris, France. Gilbreth, Frank B., 
Baker, John C. W., Darlington, Philip Jack- Boston, Mass. 
Naugatuck, Conn. son, Goddard, Arthur L., 
Bausch, Frederick Emil, Bloomfield, N. J. Orange, N. J. 
St. Louis, Mo. Davol, George Keen, Goddard, Dwight, 
Bennett, Charles Wilbur, San Franciseo, Cal. Cleveland, Ohio. 
Elwood, Ind. Diemer, Hugo, Gray, Neil, Jr., 
Bidle, William Sanford, Lawrence, Kansas. Oswego, N. Y. 
Cleveland, Ohio. Donnelly, Wm. T., Greene, Frederick §., 
Black, Edward &., New York, N. Y. New York, N.. Y. 
Chicago, Ill. Dunbar, William Otis, Grossman, Albert, 
Bloomberg. Jonas H., Altoona, Pa. Brooklyn, N. Y. 
Mexico, Mexico. Dunean, J. D. E., Harper, Lewis E., 
Brown, Hugh T., New York, N. Y. Hyde Park, Mass. 
Lexington, Ky. Edgar, Ellis F., Harrington, John L., 


Carse, John B., New York, N. Y. West New Brighton, 


New York, N. Y. N. Y 
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Harrington, Norman T., 
Detroit, Mich. 
Harris, William Allison, 
Pittsburgh, Pa. 

Haven, Henry Merritt, 

Somerville, Mass, 
Hayward, Stirling F., 

New York, N. Y. 
Helander, A. H., 

Pueblo, Colo. 

Iless, Howard D., 
Lawrence, Kan. 
Holdsworth, Fred Dean, 
Claremont, N. H. 

Hood, Ozni Porter, 
Houghton, Mich. 
Howe, Albert W., 
Morristown, N. J. 
Howells, Charles, 
New York, N. zs 
Hulett, George Henry, 
Cleveland, Ohio. 
Ingersoll, George T., 
Schenectady, N. Y. 
Jenness, Charles Harvey, 
Chicopee, Mass. 
Johnson, Werner, 
Lynn, Mass. 
Jones, Benjamin 
ham, 
Harrison, N. J. 
Kelman, John 
Pittsfield, Mass. 
Kenyon, Alfred Lewis, 
Lima, Peru, S. A. 
Knox, Luther L., 
Pittsburgh, Pa. 
Lafore, John Armand, 
Philadelphia, Pa. 
Larkin, William Harri- 
son, Jr., 
Soston, Mass. 
Lenfest, Bertram A., 
State College, Pa. 
Lincoln, Robt. B., 
Boston, Mass. 
Lindstrom, Nils Osear, 
Brooklyn, 
Loomis, Burdett, .Jr.. 
New York, N. Y. 
Lord, John Edward, 
New York, N. Y. 
Lucas, Henry Martin, 
Glenville, Ohio. 


Need- 
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Macdonald, Dunean H., 
Milwaukee, Wis. 
MacMurray, James T., 
Plainfield, N. J. 
Massa, Robert Falconer, 

Chicago, Il. 
Meier, Konrad, 
New York, N. Y. 
Merrywether, Geo. Ed., 
Bridgeport, Conn. 
Metcalf, Leonard, 
Boston, Mass. 
Mix, Edgar W.., 
Paris, France. 
Monteagle, Robt. Charles, 
Morris Heights, N.Y. 
Moore, Albert B., 
Bridgeport, Conn. 
Moore, Wm. F.., 
Connellsville, Pa. 
Muckle, Jolin Seiser, 
Philadelphia, Pa. 
Nicholson, Samuel T., 
Wilkes Barre. Pa. 
Pattison, Frank A., 
New York, N. Y. 
Peirce, Arthur W. K., 
Germiston, Transvaal, 
South Africa. 
Powell, John Edgar, 
Washington, D.C. 
Pritchard, W. §., 
Bronson, Mich. 
Quirk, Wm. M., 
Richmond, 
England. 
Randall, Dwight T., 
Urbana, Il. 
Reid, Joseph, 
Oil City, Pa. 
Reid, Marcellus, 
Cleveland, Ohio. 
Rickey, Walter JJ., 
South Bend, Ind. 
Rivett, Edward, 
Boston, Mass. 
Robinson, Frank H., 
New York, N. Y. 
Safford, Arthur Truman, 
Lowell, Mass. 
Sage, Harmon M., 
Chicago, 
Sanborn, Frank Edwin, 
Columbus, 0. 


Surrey, 
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Schulte, George Henry, 
Milwaukee, Wis. 
Shepard, George H., 
Syracuse, N. Y. 
Shepard, Louis A., 
Newark, N. J. 
Slade, Arthur Jarvis, 
New York, N. Y. 
Smith, Alton Lincoln, 
Worcester, Mass. 
Smith, Edward Joseph, 
Passaic, N. J. 
Smith, Persifor 
Jr., 
Dennison, Ohio. 
Sprado, Carl G., 
Milwaukee, Wis. 
Stebbins, Theodore, 
Columbus, Ohio. 
Street, Edgar L., 
New York, N. Y. 
Stillman, George Freder- 
ick, 

Syracuse, N. Y. 
Stivers, William Durell, 
Yonkers, N. Y. 

Tandy, Harry, 
Kingston, Canada. 


Frazer, 


Taylor, Clarence Land- 
fear, . 
Alliance, Ohio. 
Teele, Fred Warren, 
Trinidad, British 


West Indies. 
Toltz, Max FE. R., 
Montreal, Canada. 
Trampe, J. Adams C. I.. 
de, 

Philadelphia, Pa. 
Walker, Gilbert Stoddard, 
Wheeling, W. Va. 

Warg, Robert, 
Milwaukee, Wis. 
Waterman, Chas., 
Boston, Mass. 
Wells, Edward C., 
Quincey, 
Wells, James Hollis, 
New York, N. Y. 
Wolf, Frederick William, 
Chicago, 
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ASSOCIATES. 


Aldcorn, Thos., Logan, James, Pell, David W., 
New York, N. Y. Worcester, Mass. East Pittsburgh, Pa. 
Beebe, Murray Charles, _Loscher, Albert P., Pond, Henry Otis, 
Pittsburgh, Pa. Toledo, Ohio. Tenafly, N. J. 
Bell, John E., Ludeman, Edwin Henry, Ransom, Allan, 
Barberton, Ohio. New York, N. Y. Chicago, Il. 
Caldwell, John R., Merrill, Josiah Leverett, Rippey, Samuel Howard, 
Brooklyn, N. Y. Pittsburgh, Pa. Philadelphia, Pa. 
Dornin, George A., Nelson, James William, Saldana, Eduardo E., 
Saylesville, R. I. Brooklyn, N. Y. San Juan, Porto Rico. 
Garred, Ulysses Anderson, Nichols, Wm. Westerfelt, Saunders, Ernest W., 
Anaconda, Montana. Philadelphia, Pa. Brooklyn, N. Y. 
Gillette, James Walter, Norton, Frederick Lee, Stevens, Harold Luther, 
Phoenixville, Pa. Racine, Wis. Syracuse, N. Y. 
Hill, Harold Herbert, Noyes, Henry Taylor, Jr., Umstead, Chas. Henry, 
Cleveland, Ohio. Rochester, N. Y. Lawrence, Mass. 
Holz, Fred H., Jr., Obert, Casin Watson, Van Winkle, Edward, 
Cincinnati, Ohio. Brooklyn, N. Y. New York, N. Y. 
Johnson, Warren, O'Neil, J. G., Waddell, Chas. Edward, 
New Orleans, La. Chicago, Tl. Biltmore, N. Car. 
Judd, Horace, Parkhurst, Frederick Au- Williams, George Whit- 
Columbus, Ohio. gustus, ney, 
Lauer, Conrad N., Portland, Me. Chicago, Il. 
Philadelphia, Pa. Peck, Chas. B., Woods, Frank F., 
New York, N. Y. Boston, Mass. 


JUNIORS. 


Anderson, Harold Bentley, Chasteney, Charles Dun- Gillett, William Lowry, 
Cleveland, Ohio. ton, New York, N. Y. 
Atwood, George D., New York, N. Y. Glasgow, Carr Lane, 
New York, N. Y. Chatard, Wm. Miles, New York, N. Y. 
Bailey, Ervin G., Chicago, Ill. Harvey, Richard P., 
Fairmont, W. Va. Cobleigh, Henry Rice, Barberton, Ohio. 
Barnard, Elmer E., New York, N. Y. Hayley, Wm. P., 
Lynchburg, Va. Colwell, Chas. A., Chicago, Ill. 
Barrow, Elbert S., New York, N. Y. Heaton, Herman Creel, 
New York, N. Y. Coombs, Howard A., Cincinnati, O. 
Bennett, George G., Washington, D. C. Helmes, M. J., 
Claremont, N. H. Diederichs, Herman, Buffalo, N. Y. 
Berliner, Richard W., Ithaca, N. Y. Henes, Louis G., 
New York, N. Y. Dreyfus, Theo. Frank, New York, N. Y. 
Boughton, Judson H., New Castle, Pa. Hodge, George Orvil, 
New York, N. Y. Dudley, Samuel William, Wilkinsburg, Pa. 
Brown, Edwin Hacker, New Haven, Conn. Horton, William Henry, 
Minneapolis, Minn. Ehrmann, John P., Chicago, Il. 
Buckingham, Henry Hine, Watervliet, N. Y. Howlett, Lewis G., 
Ithaca, N. Y. Gamon, Ernest, Bay City, Mich. 
Canby, Harry Beaver, Long Island City, Jones, Jarrard E., 
Dayton, Ohio. Brooklyn, N. Y. 
Case, Albert H., Gardner, Henry, Jackson, Percy, 
New York, N. Y. Concord, N. H. Macon, Ga. 
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Jordan, Wm. Allen, 
West New Brighton, 
Jump, Edmund P., 
Sparrows Point, Md. 
Kasson, R. 8., 
Sandy Hill, N. Y. 
Katzenstein, Martin L., 
New York, N. Y. 
Kelly, Gregory Cook, 
Germantown, Pa. 
Kenney, Lewis Hobart, 
Philadelphia, Pa. 
King, Roy Stevenson, 
Minneapolis, Minn. 
Klain, Arthur W.., 
Grove City, Pa. 
Kleinhans, Frank B., 
Pittsburgh, Pa. 
Knoop, Theodore 
thias, 
New Orleans, La. 
Knowlton, Frederic Kirk, 
Auburn, N. Y. 
Lockett, Kenneth, 
Chicago, Ill. 
Lowe, Henry Leland, 
New York, N. Y. 
Massie, James Hughes, 
Buffalo, N. Y. 
Matthews, Fred Elwood, 
Boston, Mass. 
Midgley, Frederick Wil- 
liam, 
Yonkers, N. Y. 
Moran, Harry Powell, 
Chicago, Tl. 
Morgan, Llewellyn, 
Brooklyn, 


Mat- 
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Morison, Geo. Abbot, 
Milwaukee, Wis. 
Morrison, Hunter, 
Cleveland, O. 
Murphy, John Killam, 
New Haven, Conn. 
Nate, Emile Henry, 
Newark, N. J. 
Newbury, George K., 
Cleveland, 0. 
Norris, Henry Lee, 
New York, N. Y. 
Pettit, Frank, 
Sharpsville, Pa. 
Pitkin, Joseph Lovell, 
New Orleans, La. 
Powell, Edward Burnley, 
New York, N. Y. 
Rantenstrauch, Walter, 
Ithaca, N. Y. 
Reis, Leslie R., 

New York, N. Y. 
Richards, Chas. Dexter, 
Detroit. Mich. 

Richards, W. Allyn, 
St. Louis, Mo. 
Rossberg, Chas. Andrew, 
New Haven, Conn. 
Schaeffler, Simon, 
New York, N. Y. 
Schlemmer, Edmund, 
Cincinnati, O. 
Schuetz, Frederick F., 
New York, N. Y. 
Seott, Earl Francis, 
Jackson, Tenn. 
Sibley, Mark Miller, 
Detroit, Mich. 
Sibson, Horace F., 
Philadelphia, Pa. 
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Slawson, Harry Harding, 
Passaic, N. J. 

Snodgrass, John McBeath, 
Urbana, Ill. 

Springer, John J., 
Cincinnati, Ohio. 

Sponsler, Charles Fred- 

erick, 

Washington, D. C. 
Stacy, Harry Winthrop, 
Springfield, Mass. 

Staples, H. A., 
Brooklyn, N. Y. 
Stevens, Robt. H., 
Brooklyn, N. Y. 
Stone, Thos. W., 
Ft. Wayne, Ind. 
Thatcher, Richard P., 
Pittsburgh, Pa. 
Townsend, Harry P., 
New Britain, Conn. 
Wachalofsky, Chas. John, 
Cleveland, Ohio. 
Westerfield, George §., 
Houston, Texas. 
Wettengel, C. Albert, 

St. Louis, Mo. 
Whittemore, Herbert L., 
Claremont, N. J. 

Wilson, Henry D., 
Pittsburgh, Pa. 
Woldenberg, 
Tarrytown, N. Y. 
Woodward, Robert Simp- 
son, 
Cincinnati, Ohio. 
Young, Charles Henry, 
Fort Wayne, Ind. 


The losses by death from the list of membership during the 
current year, have been as follows: 


J. M. Allen, J. N. Barr, R. C. Blackall, R. M. Blankenship, 
H. M. Boies, Jas. T. Boyd, W. P. Canning, Jas. A. Connell, R. 


W. Davenport, 


Dinsmore, Geo. FE. 


Dixon, Carl F. Eicks, 


Chas. F. Elmes, Clark Fisher, D. R. Fraser, Frank Kempsmith, 


F. H. Laforge, David J. Matlack, Jno. R 


Olmsted, Alex Pollock, Clyde Randolph, 


Roche, J. R. Slack, Henry I. Snell, W. G. 


Herman E. Witte. 


Geo. 
Vernon, Wm. Wallace, 


. Matlack, Jr., F. de V. 


Richmond, J. A. 
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The Couneil would eall particular attention to the reports of 
its Standing Committees which appear as appendices to this report: 


APPENDIX I. 


REPORT OF THE FINANCE COMMITTEE. 


The Finance Committee presents the following report to tlfe Council. 
Under the duties prescribed by the Constitution and By-laws the Finance 
Committee at an early meeting arranged the details for the financial system of 
accounts to be used during the year. A Sub-committee was appointed under 
whose direction forms of vouchers were prepared and all the expenditures of 
the year have been carried on under these forms. The system has provided 
that each of the Standing Committees makes a requisition for the sum to be 
expended for the purposes of each Committee and specifying the object for such 
expenditure. The Secretary of the Society in carrying out the orders of the 
Committees returns the voucher to the Chairman of the Committee and on his 
approval, in accordance with By-law B21, it passes to the Finance Committee 
who audits the bill for payment. 

The Committee submits the financial statements hereto appended, which have 
been prepared by the accountant of the Society, and submitted to the Audit 
Company of New York for scrutiny and audit. Their report is appended. 
The Financial Statements include: 

Sheet A, a Statement of Cash Account, Receipts and Disbursements. 

Sheet B, a Statement of Income and Expenditure. 

Sheet C, a Balance Sheet of Assets and Liabilities. 

Sheet D, a Tabular Statement of Changes in these Assets and Liabilities as 
compared with the condition September 30, 1903. 

The Committee submits also a Sheet of estimated receipts and expenditures 
for the coming year, 1904-5, based on the assumption that no important changes 
are made in the direction or extent of expenditure for the coming year as com- 
pared with the year which has closed. This estimate is designated Sheet EF. 

In comment thereon the Committee would ask that the Council consider 
from the report of the accountant and the audit of the Audit Company of New 
York, the consequence of the resolution of the Council whereby ninety per 
cent. of the receipts and initiation fees each year is to be set aside to the credit 
of a reserve fund. It will be recalled that the entire amount of the special 
subscriptions received in cash from subscribers to the fund of the Library Associa- 
tion are to be set aside as not available for the expenses of the Society. One 
per cent. of the cash receipts from dues are to be set aside to develop the library. 

It has been possible since the passage of th‘s resolution to credit a cash asset 
each year to offset the liability for the trust fund of the library and set aside 
the entire amount of the life membership fees. These reserves are in the savings 
bank. The income of the past two years, however, has not been such as to enable 
the Society to credit a cash asset sufficient to cover the liability of ninety per 


i 
? 
4 
ay 
q 
i 
t 


NEW YORK MEETING. 19 


cent. of the initiation fees. Last year the liability which was not coverable froin 
cash receipts, September 30, 1903, was $3,974. Ninety per cent. of the receipts 
from initiation fees this year, is $5,292; it has been possible to set aside $1,900 
from initiation fees, which has been used to reduce the liability of the last fiscal 
year. This makes the book liability to this account, foot up to $2,917.50. 
The liability to the Library Development Fund of one per cent. of the 
receipts from dues is this year, $344.87, for which there has been no cash 
income to offset. It will be apparent therefore, that unless the income grows 
rapidly in relation to the expenditure, the Society will not be able to deposit in 
savings banks sufficient funds to cover fully these reserved funds. 

The Committee would submit also computations which have been deducea 
from the accounts of the current fiscal year, as follows: 


(1) Total members as per July, 1904, cata- 
logue 

Add new members whe have paid since 

then 7— 2,747 00 
Deduct for members who have paid no 

dues; Life Members... ... 

Deaths and resignations, without pay- 

ment 

Lapsed memberships 

Members who have not paid current 

year at September 30, 1904 211 350 00 


Paying membership, 1903-1904. . 2,397 00 


(2) Total income exclusive of 1 per cent. from dues 
carried to Library Development Fund, 90 
per cent. from initiation fees, entire life mem- 
bership receipts, carried to Reserve Fund, and 
entire Sinking and Fellowship Fund, sub- 
scriptions of Mechanical Engineers’ Library 
Association .... $41,520 73 

Income per paying member (computed)... ...... 17 44 
Income per paying member, from dues only 
(computed) 

(3) Total expense incurred year October 1, 1903, to 
September 30, 1904, less cost operating house 
($3,720.12), mortgage interest ($1,402.50), 
repairs and renewals ($1,561.30), deprecia- 
tions house and furniture ($444.43)—$36,- 

397.55: 

(4) Total expense incurred for publications, October 
1, 1903, to September 30, 1904 14,919 22 

(5) Total expense incurred for salaries in Society’s 
office same period ee 9,570 00 

(6) Total expense incurred for all other accounts except 
house 11,908 33—$36,397 55 
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Amount brought forward .- -$36,397 55 
(7) Total expense incurred for house, including interest 

on mortgage, repairs and renewals and depre- 

ciations 7,128 35 


1,354 50— 5,773 85 


Net expense incurred for year 1903-1904... $42,171 40 
(Gross expense, $43,525.90 less rental income 
$1,354.50, equals $42,171.40). 


Expenses incurred per paying member, October 1, 1903, to September 30, 1904: 


(8) For all purposes including house 
(9) For house operation including interest and repairs 
and depreciations 


(10) For all purposes exclusive of house 

(11) For publications, printers’ work, engrav- 
ing, binding and distribution 

(12) For salaries in Society’s office 

(13) For all other expenses except house 

(14) For house operation exclusive of mortgage inter- 
est, repairs and renewals and depreciations .. 

(15) For house operation exclusive of mortgage inter- 
est, but including repairs, renewals and de- 
preciations 

(16) For operating library 

(17) For Postage, circulars, catalogues, and stationery 
and printing in Society’s office 

(18) For meetings, and all other expenses not other- 
wise allotted above 1 55 


Comparative income earned with expense incurred per paying member: 


* Income earned from all sources per paying mem- 
ber, per (2) 

Income earned from dues only per paying mem- 
ber, per (2) 

(19) Excess expense incurred all purposes, per paying 
member over income earned from all sources, 
per paying member 

(20) Excess expense incurred all purposes, per paying 
member over income earned from dues alone, 
per paying member 


From the above it would appear that the Income from dues per member, 
$14.91, is less than the expenditure per member, $17.59. This indicates clearly 


* Only 99 per cent. of dues and 10 per cent. of Initiation Fee receipts considered as income. 
Receipts for Life Memberships and subscriptions to Fellowship and Sinking Funds not considered 
as income, 
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the demand which the Standing Committees have had to make upon the receipts 
from initiation fees, mainly to meet the expenditure asked for by the Standing 
Committees of the Society and approved by the Council. The Committee be- 
lieves that the policy of spending receipts from initiation fees, to the proportion 
required for the present year, is not a good financial procedure, since initiation 
fees may fall off through many causes outside of the Society, which would 
diminish the number of applications for membership. The phenomenal growth 
of the Society and the unusual sums received from initiation fees should be 
noted in connection with the sheets of accounts presented. 

The Finance Committee has also been made by Resolution of the Council 
to be the Committee which shall audit expenditures in those directions of the 
Society’s work which were not specifically assigned to another Standing Com- 
mittee under the provisions of the Constitution. The expenditure under these 
heads is ordered specifically by the Council itself by Resolution, but the Finance 
Committee is to audit the bills therefor. 

These expenditures include tine salaries of the Secretary and of the office staff, 
and the expenditure for miscellaneous accounts passing through the adminis- 
trative office of the Society. The elements of these two channels of expense 
have been as follows: 


Salaries: 
Assistant to Treasurer and Accountant .................... 2,400 
Assistant to Secretary ees 1,600 
Stenographer 
Stenographer 


Mail Clerk 


$9,570 


Certificates and introduction cards 
Badges, distribution and repairs. .... . . 36 
Circulars 2,311 5 
Meetings 
Year Books and Pocket Lists 
Office accounts, exclusive of salaries ..... 
Headquarters, St. Louis Exposition. ...... 
Expert fees, examination of accounts 150 
Legal Expenses 50 


In comment thereon, the Committee would note that the circulars connected 
with the process of admission into the Society, and which are designated as 
“admission circulars,” have cost $836.84; miscellaneous printing in the form 
of circulars in connection with the meetings of the Society, programs and the 
like, have cost $867.68; circulars which are required for general purposes, 
miscellaneous announcements and the like, $607.05. The expenses for the two 
general meetings in New York and in Chicago amounted to $2,077.68; the 
expenses for the Tuesday evening meetings in New York City, which were paid 
from the Society’s funds, amounted to $157.68. 

By direction of the Council the list of members of the Society, was changed 
slightly in form and received the designation of its ‘‘Year Book.’ The repro- 


21 

00 

00 

00 
00 

00 

720 00 

| 

6 

5 

5 

5 


99 PROCEEDINGS OF THE 


ductions of the portraits of members of the Council were incorporated into this 
publication and a special design of cover was ordered this year for the first time. 
A list of members, bound in convenient “vest pocket size,”’ is issued in July, 
which includes additions and corrections which have accumulated during the 
six months subsequent to the issue of the Year Book in January. 

The Committee takes this occasion also to call the attention of the Council 
to the fact that by the provisions of the agreement which the Society expects 
to enter into with the other Societies participating in the gift of a building by 
Mr. Andrew Carnegie, the Finance Committee will be called on on or before the 
first day of July, 1905, to provide for a payment to the fund of that Committee of 
the sum of $8,000 in cash. The Committee have made this payment an item 
in the estimate of expenditures for the year and call the attention of the 
Council to the obligation imposed by this action. 

The Council also directed that the Society maintain in the city of St. Louis, 
on the Exposition grounds of the Louisiana Purchase Exposition, a headquarters 
for the convenience of members of the Society who should visit the Machinery 
Hall of that exposition. Very minor expenses were incurred for furnishing 
and putting that headquarters into convenient condition for use, but the Com- 
mittee has had to meet so much of the salary of the Society’s representative in 
that headquarters as has accrued during the period of the Exposition, up to 
Sepiember 30, 1904. The balance will have to be met in the next fiscal year. 

Respectfully submitted. 
Cuas. Hunt, 
Davip TowNnsENpD, 
Miron P. Hiaains, 
Frep W. Tayior, 
STEVENSON TAyYLor, 


Finance 
Committee. 


APPENDIX II. 
REPORT OF COMMITTEE ON MEETINGS. 


Yhe Committee on Meetings would report that pursuant to the provisions 
of the Constitution and By-laws, the Committee organized by electing Mr. 
H. G. Reist Chairman. 

The Committee has had before it the preparation of the program of the joint 
meeting of the American Society with the Institution of Mechanical Engineers, 
held in Chicago, and the preparation of the program for the annual meeting. 

It was the belief of the Committee that for such joint meeting the policy should 
be followed of inviting papers on selected topics rather than the plan of follow- 
ing the lead of contributing members. To this end it aimed to secure papers 
on the “Steam Turbine,” on the “Gas Engine,” and the “ Machine Tool for 
Rapid Production on a Large Scale,” and on the performance of the “ Modern 
American Locomotive.” Some of these topics it was found impossible to secure, 
and the Committee completed its program by selecting from other directions. 

For the Chicago Meeting, seven papers were contributed by the Institution 
of Mechanical Engineers, and both the American and British papers were dis- 
cussed by members of both societies. The program for entertainment, pro- 
vided by the courtesy of the Chicago members, was most enjoyable, as will be 
seen by reference to the minutes of the meeting reported in the Proceedings. 
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The Committee on Meetings has also commended to the Council that the 
spring meeting of 1905 be held in Scranton, Penna., pursuant to an invitation 
received from that city. 

Respectfully submitted, 
H. G. Rest, 
Arruur L. Wituston, | Committee 
W S. ACKERMAN on 
H. pe B. Parsons, Meetings. 
McFar 


APPENDIX III. 
REPORT OF COMMITTER OF PUBLICATION, 


The Publication Committee presents the following report of matters under its 
direction. 

At the close of the last fiscal year it was cstimated that the sum of $6,300 
would be required to complete Volume XXIV. The amount actually required 
has proved to be slightly greater, viz.: $6,522.50, making, with the expenditure 
in the previous year, the total cost of the volume $15,179.24. It contains 1,563 
pages, and the total cost per copy was $5.62. 

The Transactions for the current year, Volume XXYV., will contain the pro- 
ceedings of the New York and Chicago mectings. Its issue has unavoidably been 
delayed to permit revision by participants in the Chicago meeting who are mem- 
bers of the Institute of Mechanical Engineers of Great Britain. The amount 
expended for this volume to the end of the current fiscal year amounts to $8,- 
309.22. It is estimated that in round numbers $6,700 will be needed to com- 
plete the volume, in which event its total cost will be about $15,000. 

The items composing the above expenditure of $8,309.22, which technically 
has been incurred under the direction of the Publication Committee, and the 
total of each item are as follows: 


Advance papers ............... ......$2,863 82 
Revised papers . 564 30 
Stenographer’s fees . 289 00 
engraving 17 
Composition and electrotyping.. . 
Binding extra copies ........... ee 9 10 
Postage and express... ......... 3 92 
Storage, including insurance... ... .. 50 
Total $8,309 22 


The estimated amount required to complete Volume XXV., is in detail 
as follows: 
Revised papers, Chicago meeting .. $900 00 
Composition and electrotyping 2,100 00 
Binding 2,500 00 
Distribution expenses, express 1,100 00 
Total reserved to complete Volume XXV.. .. $6,610 00 


Estimated Total Cost, Volume X XV $14,919 22 
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The Publication Committee refers to the Council the following matter for 
its consideration. 

In order to reduce the expenditure for publications during the year 1902-3 as 
much as possible, the issue of Volume XXIV., printed originally from the plates 
was reduced to 2,700 copies. The growth of the Society during the last eighteen 
months has been unprecedentedly large, and a considerable proportion of the 
new members are either entitled to receive Volume XXIV., or likely to wish to 
purchase it. At this date the edition is practically exhausted. The printers 
estimate that an edition of 250 copies, 50 of them in standard binding and the 
remainder unbound, will cost $740. The Secretary recommends the printing 
of this supplemental edition, and the committee refers the question to the Council. 
If approved, the above amount, $740, should be included in the budget for the 
next fiscal year. 

The Committee recommends a change in the present practice in regard to 
action by the Committee on matter proposed to be included in the T'ransactions. 
Unless the Publication Committee is selected from among the members in New 
York and vicinity (which is not desirable) it is practically impossible to get them 
together at the dates and for the time needed for the performance of their duties. 
Recognizing this fact the Secretary has sent duplicate copies of all proposed 
matter to each member of the Committee, at the same time stating that, unless 
objection was made within a specified time, it would be assumed that each of 
the members approved the matter as presented. The time allowed for the 
examination of the matter so referred to the members of the Committee has been 
too short to permit of careful review of the numerous papers. Therefore the 
Committee recommends that while the present method be continued a more 
liberal allowance of time should be made in which the members of the Com- 
mittee may examine the papers, communicate with one another if desired, and 
report their conclusions. Sixty days would not be unreasonable time for this 
purpose, but, if this is too long, the allowance should be liberal as other con- 
ditions permit. 

Respectfully submitted, 
Henry R. Towne, Chairman, 
HENRY SOUTHER, Committe 
GrorGE M. Basrorp, on 
C. J. H. Wooppury, | Publication. 
Henry H. Super, 


‘ 


NEW YORK MEETING, 


APPENDIX IV. 
MEMBERSHIP COMMITTEE. 


The Membership Committee would report that it has held frequent meetings 
during the year for the consideration of applications for membership, and has 
received and considered 392 such applications, representing the largest acces- 
sion to the membership list in any one year in the history of the Society. 

At its first session the Committee recommended (and the Council subsequently 
approved) a system of modified blank forms which have since been in use. 

It has been the effort of the Committee so to interpret the wording of the 
Constitution that while its intent was steadily kept in mind, the standard of 
professional achievement exacted from applicants should be firmly maintained 
at a high level, so that the value of membership in the several grades might be 
proportionately enhanced. As the result of this policy many applicants have 
been graded to a grade lower than that applied for 

The Committee ask that the members who propose new candidates, and who 
subsequently fill out the blank forms concerning them, should be definite and 
positive in opinion and statement, so that the Committee may be rightly guided 
in the discharge of its duties. 

The combined ballot and professional service sheet, which was adopted on the 
recommendation of the Committee seems to have been well received. 

Respectfully submitted, 
R. H. Souter, Chairman, 
Francis H. 
Ira H. Woo.son, 
Witrrep Lewis, 
Jesse M. SMiru. 


APPENDIX VY. 
REPORT OF LIBRARY COMMITTEE. 


The Library Committee presents the following report. The Library has been 
open every day between the hours of 10 a.m. and 10 p.M., except on Sundays, 
Thanksgiving, Christmas and New Year, and excepting the month of August, 
when it was closed for cleaning and overhauling. 

There have been 3,050 visitors to the Library during the twelve months, or 
an average of ten persons per day. The use of the Library during the evenings 
has been particularly satisfactory. The number of volumes in the Library 
September 30, 1904, is as follows: 


Pamphlets 


25 
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The book value of the Library at the same date is $11,884.52, which is the sum 
of the valuation at the end of the previous year’s report, and of additions made 
during the year. 

The additions to the Library in the form of exchanges which have been received 
as the equivalent of the annual volume of the Society’s Transactions, have 
amounted to $740.40. 

The Committee has expended for the purchase of books during the year, 
$164.60, making the total amount expended for additions to the Library for 
the year, $905. It should be observed, however, that this is not all in the form 
of direct cash expenditure. There has been an expenditure of $282.40 for binding 
periodicals and pamphlets received in exchange from other organizations or 
publication agencies. There remains standing on the Society’s books a charge 
against the publishing house of Van Nostrand & Co., for Transactions furnished 
them for which the Society is to purchase books from them, amounting to $241.75. 
With the house of Spon and Chamberlain there is similar balance in our favor 
of $16.50. 

For the conduct of the work in the Library, Miss Thornton is employed, and 
in addition the service of other members of the staff when they can be spared from 
other duties. 

The manuscript of the card catalogue has been extended, and so far as the 
book titles in the library are concerned, has been completed. The Committee 
hopes in the near future to issue in printed form a library catalogue for distribu- 
tion to the membership. This has not been done up to the present time on ac- 
count of the expense involved, and also because joint action is under advisement 
with similar committees of the Institution of Mining Engineers, and the Institu- 
tion of Electrical Engineers, looking to a common policy of administration of 
their respective libraries during the years which intervene before the Carnegie 
Library of Engineering shall be available in the new house of the Societies. 

Under the direction of this conference Committee, the list of exchanges, 
periodicals, journals and the like has been printed and will doubtless be ready 
for distribution in the near future. The Committee have hesitated to incur the 
expense of the catalogue of our library alone, if by the changes of the next few 
years it would be made either valueless or unnecessary. 

Respectfully submitted, 
STEPHEN W. Batpwin, Chairman, 
I. A. UEHLING, 
W. D. Forses, Library 
Frep. J. Committee. 
Frep’k M. Wuyte, 


APPENDIX VI. 
REPORT OF THE HOUSE COMMITTEE. 
The Committee intrusted with directing the expenditure for the maintenance 
of the house of the Society, which is its office headquarters also, and which pro- 


vides for certain rooms in the upper floors at the service of visiting members 
for short stays in the city, would report as follows. The expenditures under 
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the direction of the Committee on requisitions during the year have been as 
follows: 


For operating expenses ...-$3,720 12 
For interest on purchase mortgage... .. . 1,402 50 
For repairs and renewals .............. 1,561 30 


$6,683 92 


The most serious clement of expenditure under the Committee's hand for the 
year has been the item of painting and papering the upper part of the house— 
$591.30. 

During the two previous years there has been little or no expenditure in this 
direction and the house has been deteriorating under the restrieted expenditure 
for maintenance. The Committee had also to meet considerable repairs to 
the heating apparatus, put in two years before, amounting to $192.90. 

The Committee report that the receipts which offset the expenditures on 
account of the house, from rental of its auditorium to other societies and from 
the use of its upstairs rooms, has been less this year than hitherto. This facet 
is to be explained by the growth of those organizations which have been using 
the hall, which has kept pace with the growth of the Society itself. The con- 
sequence of such growth is that the auditorium has become inadequate for their 
needs and they have therefore sought larger accommodations and w ithdrawn 
their financial support to the hall in this way. 

The Society of Naval Architects and Marine Engineers continues to meet 
in the auditorium, but the Institute of Mlectrical Engineers, and the Society of 
Heating and Ventilating Engineers, have both felt compelled to move elsewhere. 
The following table shows the expenses incurred in detail for the house: 


Interest on mortgage $1,402 
Gas and electric light . . 689 
365 
Janitor’s supplies 201 
Laundry 393 5 
Insurance 
Repairs and Renewals, house 1,094 
Repairs and renewals, furniture 167 
Wages 1,766 
Incidentals 


Total exclusive of depreciation .. .$6,683 92 


The receipts from rentals, subtracted from the expenditure, makes the net 
expenses of operating the house, $2,365.62. If to the operating expenses be 
added the interest on mortgage, repairs and renewals, rentals and depreciations, 
but excluding an interest on the vaiue of the equity, the total expense is $7,128.35. 

The Committee would call attention to the notable increase in the cost of 
lighting for the current year, as compared with the year preceding. This is 
partly due to the completion on the north side of the street, in which the house 
is situated, of two high buildings, which materially darken the working offices. 
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This has compelled much greater use of artificial light than heretofore. The 
electric meter is also charged with errors in registry, which are now under 
advisement with a view to securing a rebate if the amounts prove to be in 
excess of current actually used. 

The House Committee employs for the conduct of the house, a Janitor at 
$45, Assistant Janitor, $40, and a maid, $20. 


Respectfully submitted, 
CarLeton W. Nason, Chairman, ) 
L. Moraan. _ Committee 


Tuos. R. ALMonD, \ on House. 
Joun C. Karer, 
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APPENDIX VII. 
AUDIT OF SOCIETY ACCOUNTS. 


The Finance Committee would report that they caused an audit 
of the books of the Society for the fiscal year 1903-4 to be made 
by the Audit Company of New York, and the Report of said Audit 
Company follows: 


THE AUDIT COMPANY 
OF NEW YORK, 
Cedar & William Streets. 


CuarLes Wattace Hvnt, Ese., 

Chairman Finance Committee, 

American Society of Mechanical Engineers, 
12 West dist St., New York City. 
Dear Sir: 

Agreeably to your request, we have made an audit of the 
books of your Society for the year ended September 30, 1904, 
and enclose herewith the printed accounts duly signed. 

We have pleasure in stating that in our opinion the form of 
the Balance Sheet as drawn up by the Society’s Accountant, Mr. 
Francis W. Hoadley, and which will be presented to the members, 
is excellent, and that it reflects credit on that gentleman. No 
difficulty was experienced during the course of our examination, 
and everything that our representative asked for was duly placed 
before him, for which we desire to express our obligations. 

In conclusion, we certify that the figures contained in the vari- 
ous documents submitted are correct, and that the signed Balance 
Sheet accurately shows the true financial condition of the Society 
as at September 30, 1904. 


Very truly yours, 
THE AUDIT COMPANY OF NEW YORK. 


E. T. Perrg, 
New York, October 27, 1904. General Manager. 
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At the close of the printed reports, the report of the Tellers of 
Election was presented for record. 

In presenting it the Secretary called attention to the faet that 
the enrollment as the result of this election was as follows: 


Members and Honorary Members. 


Associates.... 


Juniors. 


Total..... 


additions during the current vear have been: 


Associates 


Juniors 


This is believed to be up to date the record for the increase in 
the Society membership in one vear. 

Messrs. John Platt, Harris Tabor, George M. Bond, Tellers for 
the election of officers under the provisions of the By-Laws, pre- 
sented their report, as follows: 


REPORT OF TELLERS. 


Pursuant to the provisions of Article B34 of the By-Laws, the 
undersigned were appointed Tellers of Election of Ofticers to ean- 
vass the votes cast and report the result to the meeting. 

They therefore beg to submit the following report on the ballot 
for officers of the Society for the vear 1904-1905: 


Ballots thrown out unsigned or otherwise informal] 24) 
Total ballots counted by the tellers ....... 


As the result of their canvass, the Tellers would report the fol- 
lowing elections: 

For President. 


Scattering 


4 
5 
oo 4 
. 272 
* 
For Vivce-Presidents. 
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For Munagers. 


Geo, M. Brill 
Fred J. Miller.... 
Richard H. Rice 


Wn. H. Wiley 


Respectfully submitted, 


Joun Purarr. 
Harris Tapor. 
GEO. M. Bonp. 


The chair, on the reading of this report, declared the members 
elected to their respective offices as reported by the Tellers, and 
asked Messrs. John Fritz and Chas. Wallace Hunt to escort Mr. 
John R. Freeman, President-elect, to the platform of the hall. 

Mr. Hunt, as chairman of the escort committee, formally pre- 
sented the President-elect to the President in office, and the latter 
introduced his successor to the meeting. 

The President-elect then took his seat on the platform at the 
side of the presiding officer during part of the session. 

The President then called for the docket of the professional 
committees now in existence, but there were no reports read at 
this meeting. He announced the resignation and discontinuance 
«f the committee appointed by the Society to conduet tests on the 
supporting power of large-dimension I-beams, which had been pro- 
posed to codperate with the New York Chapter of the Institute 
of Architects for this purpose. There had been insufficient funds 
available for the carrving on of the committee’s work, and it had 
asked to be discharged, whieh the Council had done. 

The report on a Standard Tonnage Basis for the Rating of the 
Refrigerating Machinery was deferred to a later session. The 
other committees reported progress only. 

Mr. Charles Wallace Hunt, representing the appointees of the 
Society in connection with the work on the Union Engineering 
Building, reported that the houses on the site of the proposed 
building, Nos. 25 to 33 West Thirty-ninth Street, have been re- 
moved, and the plans for the new building to be erected thereon 
are substantially completed, and will be approved by the com- 
mittee when the three engineering societies have passed upon 
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them. It is expected that the contracts will be let in the early 
days of January. 

He called attention also to the problems before the committee 
with respect to organizing the three societies into one unit for the 
holding of the property, and how on taking the matter up with 
some of the best corporation lawvers in the city it was discovered 
that there was little or no precedent to serve as a guide. The 
basis of the Cooper Union seemed to be the nearest approach to 
the condition to be met. 

This legal work has been practically completed at the present 
time, so that the title to the property will probably pass before 
the tirst day of January. 

With respect to the work on the library to be housed in the 
Engineering Building, Mr. H. H. Suplee presented his report in 
the following form: 

Mr. Suplee.—The Joint Library Committee is formed of mem- 
bers from each of the three societies which are to occupy the 
Union Engineering Building, and that committee has been actively 
engaged ever since its original appointment. It has held stated 
eetings every month and considered from every possible point 
that has vet been brought to them the matters necessary for the 
combination and continuance of the joint libraries. In addition to 
that they have conferred with the architects in regard to the 
arrangement of the floors. Among other things thev have 
secured such modifications of the plans as will secure for the 
library the best possible accommodations on the upper floors of 
the building. 

Thev have also had before them a matter which is not vet capa- 
ble of being decided, but which I think will interest the members, 
and that is the nature of the work of the library as a whole. We 
propose to begin at first by combining the three libraries so that 
they will form a working library without any modification of 
ownership, but we hope to lay the foundation so broad and deep 
that the material will be forthcoming to make it the greatest 
scientific library in the United States. 

The committee held a meeting yesterday and approved the 
latest plans of the architect for the two library floors in such a 
sliape that they are now ready to be placed at the disposal of the 


building committee. But the committee proposes to continue its 
meetings until the time that the rooms are ready for oceupation. 
Mr. Gus C. Henning reported on the request concerning the 


| 


oC PROCEEDINGS OF THE 


movement to prepare and install in the Society House a bronze 
bust of Prof. Robert H. Thurston, the first President of the So- 
ciety, who had diedin 1903. Mr. Henning’s report was as follows: 

Mr. Gus C. Henning.—The fund for the Thurston Memorial 
amounts to about $790 at the present time. It is deposited in 
the Colonial Trust Company to the account of Gus C. Ilenning, 
Treasurer. A model of Dr. Thurston, somewhat above life- 
size, has been made, but rejected because unsatisfactory. An- 
other is now under way, and when completed will be submitted for 
the approval of the committee to make sure that it will be gen- 
erally satisfactory. 

Mr. H. H. Suplee, on behalf of the Historical Committee, con- 
sisting of Professor Sweet, Charles Wallace Hunt and Mr. Suplee, 
presented the following: 

Mr. H. H. Suplee-—Mr. Chairman, I have only a progress re- 
port to make, but I think it will be interesting to the members, 
and | feel sure advantageous to the work of the committee if | 
do make such a report. 

The committee has been engaged in collecting material to pre- 
pare a volume upon the entire history of the Society during its 
past twenty-five vears. The earliest portion of this work was 
naturally the most difficult, but I am very glad to say that we 
have succeeded in getting together material which in a few vears 
it would be impossible to get in any way. 

Professor Sweet, the founder of the Society, has given his 
recollections, and has also contributed a number of interesting 
letters. Mr. John J. Grant has contributed a very valuable letter, 
being the very first of the original number of letters sent out by 
Professor Sweet requesting his friends to consider the formation 
of a Society. So we have one of the letters calling for the pre- 
liminary meeting. 

We have also succeeded in obtaining a satisfactory photograph 
of the building at No. 96 Fulton Street, which was at that time 
the office of the American Machinist, and in which the preliminary 
meeting was held. Probably in a short time that would not have 
been possible. The sole survivor of the original firm of pro- 
prietors of the American Machinist, Mr. Lyeurgus B. Moore, has 
contributed his recollections of the first meeting. So we have 
collected a number of very interesting records, and these, sup- 
plemented by the reports in the technical papers of that early 
date, will enable us to record the first early meetings very fully. 
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There is one point which is in the work of the committee which 
I think might well be brought before the members at the present 
time. But before proceeding to that I would like now to make 
a special request to all the members here, that if they have any- 
thing whatever in the form of correspondence, photographs, or 
anything in any way which relates to the formation of the Society 
it will be very desirable if they will place this matter at the dis- 
posal of the committee, 

I might also add that IT have secured a photograph of the room 
in Stevens Institute in which the first regular meeting was held. 

The other matter is that of making known to the members the 
desire to secure historical records for the Society. We have now 
a number of valuable things in our present building, but we hope 
to get a great many more, A record of these will form a part of 
the historical report, and every member who has anything which 
is interesting in the historical mechanical line can be sure that if 
entrusted to the Society, either as a gift or a loan, it will be eare- 
fully preserved, These things will all be catalogued. This is as 
far as we have gone at present. 

The Secretary in the regular order of business presented the 
amendment to Seetions C57 and C58 of the Constitution which 
was presented at the Chicago meeting by Mr. F. J. Miller, and 
which had been sent out to the voting membership, as required 
by the Constitution. In a discussion on the method of procedure 
the President ruled that the proposed amendment to the Consti- 
tution was before the Society as a resolution, subject to a resolu- 
tion for amendment, and also a resolution amending the amend- 
ment, but no further resolution could be offered until the last 
pending resolution was voted upon or withdrawn. 

An amendment to the form and wording of the proposed 
amendment to the Constitution before the meeting was offered 
by Mr. Jacobi. The subject was discussed at length by Messrs. 
KF. J. Miller, Jesse M. Smith, Gus C. Henning, C. W. Hunt and 
others, Mr. Hunt offering an amendment to Mr. Jaecobi’s reso- 
lution, which was subsequently withdrawn, and a vote was then 
taken upon Mr. Jacobi’s amendment, which was lost. 

A rising vote was then taken on a resolution to send the amend- 
ment to Article C57 and C58 presented at the Chicago meeting 
to the membership for a letter ballot. The motion was lost, but 
two votes being cast in favor thereof. 

The Seeretary read an invitation from the American Associa- 
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tion for the Advancement of Science and its Section 1) on meehan- 
ical science and engineering, asking the members of the Society 
to attend the meetings of that body at their December meeting in 
the city of Philadelphia. 

Col. E. D. Meier at this point, at the request of the chair, pre- 
sented the matter of securing the codperation of the members of 
the Society in a movement to secure a continuance of the work 
which had been started by the United States Geologieal Survey 
in connection with the Louisiana Purchase Exposition for the test- 
ing of the coals of the United States with respect to their caloritic 
powers. Colonel Meier spoke as follows: 

Col. Meier.—There have been no general tests of coals available 
for boiler purposes in the United States since 1544. There have 
been some made by various railways of coals found in their tribu- 
tary territory, but these were necessarily of local value and have 
not been made public. Now, just before the beginning of the St. 
Louis Exposition, some members of the Geological Survey in 
Washington obtained action by Congress giving them $20,000 
for the purpose of testing coals available for boiler purposes from 
any field in the United States, the provision being (not unusual 
for Congressmen when they become very economical) that all 
apparatus must be donated. This made a great deal of dittieulty, 
but they succeeded in getting together quite a respectable little 
plant. They have three boilers, a gas-producing plant and a gas 
engine and a sufficient chemical laboratory. By the codperation 
of some gentlemen connected with several Western teelinical 
schools, they also obtained the services of a number of competent 
persons to make these tests. The plant is located in what is 
known as the Mining Gulch of the St. Louis Exposition, and 
owing to the circumstances related it was not until, I think, Sep- 
tember before they could begin to make any tests. The manner 
in which the tests were conducted was this: they notified coal 
miners by the press and other means that they could have their 
coal tested there gratis, provided they furnished at least a car- 
load without cost, they paying the freight to the Exposition 
grounds, and, furthermore, that each carload of coal must be first 
submitted to an expert of this commission to judge that it fairly 
represented the average output of the mine. In other words, the 
commission sent an expert to the mine and selected a standard 
carload of coal just as it was mined. The commission has sue- 
ceeded, but the last I heard from there was that they had made 
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some eighty-five tests and wanted to make a great many more. 
They have about one hundred and fifty sample carloads of coal 
offered them now. They cannot accept them unless there is some 
provision made for the cost of continuing the tests. The Fair 
officials and city officials of St. Louis and others have consented 
to allow that plant to remain there for some six months longer, 
and most, if not all, of these who contributed to the plant have 
agreed to leave their apparatus that much longer, 

The commission estimates that in order to do this thing thor- 
oughly it should be made a much more permanent plant than it is, 
and they are going before Congress, or have gone before Con- 
gress, through Mr. Hemingway, asking for an appropriation of 
$100,000, and if this is passed they will continue the tests at once, 
until all who have applied ean have their coal tested. They hope 
to have by that time such an amount of valuable information 
that Congress may be indueed to have this testing plant made 
permanent and very much enlarged; the site where it will then be 
placed has not been selected. 

At present they wish to continue, and if the resolution passes 
they may have some 250 sample carloads to test. Now, all those 
who have to do with steam-boiler problems in the West know that 
there is very litthe known about Western coals. It is just as im- 
portant to the Eastern as to the Western engineer to have these 
tests made, because consulting engineers and contracting en- 
gineers here are asked to make promises or even guarantees in 
regard to the performance of certain plants on local coals in all 
sections of the United States. 


Now, the St. Louis Engineers’ Club, which is the loeal engineer- 


ing society, has passed a resolution which I would like to read 
to vou. It was adopted on November 16, 1904: 

That most active member of our Society, Mr. Bryan, of St. 
Louis, has written to Professor Hutton, asking for some action by 
the Society or Council, and Professor Hutton, while very much 
interested in the project, has answered that neither the Council 
nor the Society is very much enamored of taking anything to 
Congress which may look like lobbying anything through for the 
benefit of the Society. I would like, however, to have the indi- 
vidual members take an interest in this by either interviewing or 
writing to their Congressmen or Senators to show that the en- 
gineering profession as a whole is interested in the continuance of 
these tests, and in order to bring that about I would like to have 
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you pass a resolution instructing the Secretary to present this mat- 
ter in a short circular to the membership at large, asking them 
to write to the Congressmen of their own districts to get them to 
assist the authorities of the Geological Survey. 

Resolved, That it is the sense of this meeting that the Secretary be instructed 
to set for.h in a short circular the facts of this coal testing plant, the desirability 
of its continuance and to suggest to the individual members of the Society that 


they use their influence with their congressmen and senators in having the bill 
passed, authorizing the continuance and providing the necessary funds. 


The exact form of this resolution, however, to be left to the 
President and Seeretary. 

After brief comment with respect to the quality of the work 
done by the plant, Colonel Meier’s resolution was carried. Pro- 
fessional papers were then taken up as follows: 

“A New Hydraulic Experiment,” by A. F. Nagle; “ A Twist 
Drill Dvnamometer,” by W. W. Bird and IH. P. Fairtield; ** Dia- 
mond Tools,” by Gus C. Henning. 

The participants in debate were G, W. Colles, R. C. Carpenter, 
Benjamin Baker, H. H. Suplee, A. C. Walworth, H. Emerson, F. 
W. Taylor, S. W. Baldwin and W. J. Kaup. 

Wednesday afternon was left free for the convenience of mem- 
bers attending to personal and professional business in the city. 


Turrp Session. Werpnespay Eventnc, Decemper 7rn. 


The meeting was called to order at 8:30 in the Hall of the Men- 
delssohn Union. Professional papers were presented as follows: 

“ Centrifugal Fans,” by A. J. Bowie, Jr.; ‘* Computation of 
Values of Water Powers, and Damages Caused by Diversion of 
Water Used for Power,” by Charles T. Main; ** An Indicating 
Steam Meter,” by Charles FE. Sargent; “ Stay Bolts, Braces and 
Flat Surfaces: Rules and Formule,” by Robert S. Hale; ‘“ Con- 
densers for Steam Turbines,” by George I. Rockwood. 

The participants in debate were R. C. Carpenter, G. C. Hen- 
ning, H. H. Suplee, W. T. Magruder, G. R. Henderson, W. S. 
Huson, F. B. Perry, Joseph Morgan, F. Hodgkinson, G. J. Foran, 
I. M. Wheeler and W. E. Crane. 

In view of the curtailing of the discussion in the morning for 
lack of time, Mr. Henning was requested by the chair to contribute 
further to the discussion on the cutting properties of the diamond 
tools. 
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Fourru Session. Tuurspay Mornine, Decemper 


Professional papers were taken up as follows: 

© Bursting of Four-Foot Fly-Wheels,” by Charles 1. Benjamin; 
“ Influence of Connecting Rod upon Engine Forces,” by Sanford 
A. Moss; * Losses in Non-Condensing Engines,” by James P. 
Stanwood; “ Power Plant of Tall Office Buildings,” by Sterling 
H. Bunnell; * Pressures and Temperatures in Free Expansion,” 
by A. Borsody and R. C. Cairneross (presented by Charles E. 
Lucke). 

The participants in debate were II. IT. Suplee, G. C. IHenning, 
G. R. Stetson, J. Johnson, Jr., A. Halsey, G. R. Henderson, 
F. Ball, J. B. Stanwood, R. P. Bolton and F. R. Hutton. 


Fiera Session. Fripay Mornine, December Oru, 1904 


This session was called to order in the auditorium of the So- 
cietv’s House, No. 12 West Thirty-tirst Street, at 10 o’clock. The 
President on taking the chair announced to the meeting that at the 
last meeting of the Council Mr. Thomas A. Edison, who had 
been a life+member of the Society from a very early date in its 
history, had been elected by the Couneil to honorary membership, 
and had signitied his acceptance of the honor. This announce- 
ment was received with applause. Professional papers of the 
morning were then taken up as follows: 

* Fnel Consumption of Locomotives,” by George R. Hender- 
son; * Road Tests of Brooks’ Passenger Locomotives,” by E. A. 
Hitcheock; * Discharge of Water with Steam from Water Tube 
Boilers,” by A. Bement; ** More Exact Method for Determining 
the Efficiency of Steam Generating Apparatus,” by A. Bement; 
“ Forcing Capacity of Fire Tube Boilers,” by Francis W. Dean. 

The participants in debate were R. C. Carpenter, E. A. Hiteh- 
cock, W. F. M. Goss, Hl. Emerson, C. B. Rearick, A. A. Cary, O. 
Hl. Woolson, W. O. Webber, G. I. Rockwood, William Kent, H. 
deb. Parsons, G. R. Henderson, A. Bement, II. U. Suplee, A. 
lerschmann, G. HI. Barnes, D. S. Jacobus, G. I. Bouton, G. M. 
brill, R. H. Rice, J. J. Hoppes, A. H. Eldredge and Abercrombie. 

At the close of the papers the committee appointed to suggest 
a standard tonnage basis for refrigerating machinery presented, 
through Prof. D. 8S, Jacobus, chairman of the committee, this pre- 
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liminary report, which is printed as a paper contributed at this 
meeting. 

Mr. Kent called attention to the recommendation that the com- 
mittee should be asked to suggest rules for the best method of 
measuring the quantity of fluid evaporated in refrigerating, to- 
gether with a code of rules of conducting tests of refrigerating 
machines or plants. 

On motion, the committee was requested by the meeting to pro- 
ceed with the carrving out of this recommendation. 

At a meeting of the Society held in New York December, 
1901, a committee reported on the standardization of the engine 
and dynamo for electric generating plants when both pieces of 
apparatus were not to be furnished by the same builder. This re- 
port had received the usual treatment given such contributions, 
and the committee had been discharged from further considera- 
tion of the subject. 

The practical use of the report in the hands of those interested 
had developed the wisdom of incorporating a further provision, 
and the individual members of the Society who had constituted the 
original committee united in presenting and seeconding a resolution 
that an additional heading be added to the report. (See Paper No. 
1056.) The resolution presented and seconded by these members 
was as follows: 


Resolved, That the recommendation of Messrs. J, B. Stanwood, W. M. 
McFarland, A. L. Rohrer, Frank Ball and W. B. Forbes be treated as an ap- 
pendix to the original report, and printed for circulation with that report, and to 
members of the Society, as the report shall be requested for future distribution. 


On motion, the resolution was adopted and its recommenda- 
tions approved. 

The chair called the attention of the members to the presence 
in the auditorium of a bronze bust of the late Capt. John Eriesson, 
who had been during his lifetime so distinguished a member of 
the Society. Ile called on Mr. Dodge to present for record certain 
matters of historical interest in connection with the bust, as fol- 
lows: 

Mr. J. M. Dodge.—The bust is the work of Prof. John Knee- 
land, who was a personal friend of Captain Eriesson. Captain 
Ericsson was a recluse during nearly all the time he was in this 
country. My grandfather, Prof. James J. Mapes, was perhaps his 
most intimate friend. While Ericsson was working around his 
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shop he allowed Professor Kneeland to make the bust. Ericsson 
was very much pleased with it. There was, I believe, only one 
plaster cast made, and this was presented to the Society by my 
uncle, Charles Mapes. To insure permanency it has been east in 
bronze. When I was a little boy my earliest recollection was see- 
ing the plaster bust, which was here until a few days ago, in our 
house. IT remember as a child it was Captain Ericsson to me. So 
it is a rather unique treasure, and I am sure as time goes on it will 
be more and more appreciated. You can see the resemblance to- 
his picture on the wall of this auditorium. This picture was made 
when he was a very much older man. At that time, as I remem- 
ber, or believe, Ericsson was about thirty-five. Ile approved of it 
himself, and so also did his friends. 

The President then called on Mr. John R. Freeman, President- 
elect, to step to the platform, and turned over the office of Presi- 
dent to his successor. Mr. Freeman spoke of his appreciation of 
the work that had been done by the President, Council and other 
officers of the Society in arranging and administering the details 
of the Society’s affairs, outside of the public meetings, and hoped 
that he would be able to maintain the standard of his illustrious 
predecessors. 


The meeting was then adjourned. 


On the afternoon of Thursday the members were the guests by 
invitation of the engineers of the Rapid Transit Commission at the 
power-house of the subway at Fifty-ninth Street and the North 
River. 

Parties were made up in small groups under guides from the 
local membership and escorted to the power-house through the sub- 
way, Which had been in operation only since the 27th of Oetober. 
The visit was much enjoved. 

On the evening of Thursday the social reception given by the 
local membership to the visiting members was held in the ball- 
room of Sherry’s, Forty-fourth Street and Fifth Avenue. Over 
six hundred members and ladies were in attendance. 

On Wednesday and Thursday luncheons were served between 
twelve and two in the auditorium of the Society House, which had 
been cleared for this purpose. 


The spring meeting of the Society is to be expected in the city 
of Scranton, Pa. 
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PRESIDENT’S ADDRESS, 1904. 


As we open this, the Twenty-fifth Annual Meeting of the 
American Society of Mechanical Engineers, the history of the 
Society for a quarter of a century comes before us, and it is an 
occasion when it is especially appropriate to make some mention 
of the growth and progress of the Society since it was organized. 


At the beginning of the Society, who would have dared to 
predict the wonderful advance that has been made in mechanical 
engineering. There was indeed a great field for work for just 
such a Society. The long list of meetings which have been so 
fully attended, and so valuable to the members; the transactions, 
with their records of addresses, papers and discussions by men 
of experience in nearly every branch of mechanical engineering, 
and the constant growth of the Society until at the present time 
it has a membership of nearly twenty-nine hundred, all go to 
show that from the beginning it has been an earnest and pro- 
gressive organization, and a most important factor in the progress 
of mechanical science and of the mechanic arts. 

Not only those of us who were counted among its first mem- 
bers but those who from year to year have been added to its 
membership, may well feel proud of its splendid record. 

The scope and influence of the Society, which has been con- 
stantly increasing in the past, will surely continue, and never 
was its future brighter than at present. 

For the subject of my address, I wish to speak of a few of 
those methods and mechanisms which have been developed and 
perfected to such a degree of refinement that they may be con- 
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sidered as almost beyond the practical, and yet were it not for 
such refinements they could not possibly be made to serve the 
utilitarian purposes which make them of such inestimable value 
to us all. 

The division and the measurement of time is to-day, as it has 
been for ages, among the most important of the subjects affect- 
ing the welfare of mankind, and as time has rolled on and there 
has been a better understanding of the laws governing the uni- 
verse, nearer and nearer has been the approach to perfection 
in the working out of these difficult problems, but the many 
limitations surrounding them have always kept their full solu- 
tion somewhere in the future. 

The diurnal revolution of the earth, which gives the solar day, 
and the revolution of the earth around the sun, the solar year, 
are the arbitrary divisions of time marked off with the utmost 
precision by the celestial bodies; and while the length of the 
solar day has, from before the Christian Era, been fairly well 
defined, the length of the solar year was but approximately known 
until within a few hundred years. 

The length of the vear as counted by the Julian calendar was 
too long by eleven minutes and fourteen seconds, and this error 
amounted to ten full days in the sixteen hundred years from 
the time the Julian calendar went into effect, until the introduc- 
tion of the Gregorian calendar. 

A few years ago, when visiting the Vatican Observatory, I 
was particularly interested in the Gregorian Tower, which forms 
a part of the Vatican Library Building. After passing through 
a number of rooms which are used in connection with the Ob- 
servatory, when near the top of the tower, I was taken into the 
spacious and beautiful calendar room, the walls of which are 
covered with paintings of the highest order, executed centurics 
ago, under the direction of Pope Gregory XIII. In the center 
of the room, and forming a part of the floor, there was a large 
marble slab, on which was cut a fine line exactly in the true merid- 
ian, and upon the line was a special mark which indicated the 
altitude of the sun at noon of a certain day. On the south wall, 
near the top of the room, there was a small aperture through 


which the direct rays of the sun passed at noon, projecting a 
bright spot on the meridian line. 

All of this had been planned and executed by the astronomers 
in order that they might demonstrate the necessity of reforming 
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the calendar, and when at noon on the 11th of March, 1582, Pope 
Gregory saw that the altitude of the sun as shown by the beam 
of light, was not for that particular day, but for the day ten 
days later, he directed that ten days be stricken from the 
calendar, and that day should be the 21st of March, instead of 
the 11th. 

With such precision had the astronomers determined the true 
length of the year, that our present calendar with its intercala- 
tions will continue on for twenty thousand years, with an error 
not to exceed a single day. 

The line on the marble slab and the aperture through the wall 
of the Calendar Room were devices simple in the extreme, and 
in this day of instruments such a method would hardly be con- 
sidered, yet they served their purposes admirably, and the plae- 
ing of that line on the true meridian, with an accuracy never 
before attained, was considered one of the greatest scientific 
achievements of that age. 

Since an unknown time the day has been divided into twenty- 
four hours and as civilization has advanced, the greater has been 
the necessity for the utmost precision in the measurement of 
each hour, with its subdivisions. 

The sun dial is not only the earliest, but the most interesting 
of all the numerous arrangements that have been devised for 
measuring the divisions of the day. Notwithstanding its limita- 
tions, it has been a subject which has attracted the brightest 
minds for ages. Within these later years there has been a re- 
newed interest in this ancient time-keeper, not only in copying 
the types of dials, which are valuable because of their antiquity, 
but in working out new forms. Recently a new dial has been 
invented, by which the rays of the sun will indicate the true 
mean time for each day of the year, with an error not to exceed 
one minute. 

The hour glass, which came later, was considered a much more 
practical method, inasmuch as it could be used either day or 
night, and because its use was not confined to a particular loca- 
tion; however, as a time-keeper it was not satisfactory, even in 
those early days. 

The clepsydra or water clock, which is supposed to have been 
invented by the Greeks, was found to be a much better time- 
keeper than either the sun dial or hour glass, and it was a great 
step in advance toward the accurate measurement of time. 


SOME REFINEMENTS OF MECHANICAL SCIENCE. 47 


These water clocks are to this day used extensively in the East, 
more especially in China. Those first used by the Greeks con- 
sisted of two water jars so arranged that the water from the 
upper ran into the lower, and the time of day was determined by 
measuring the depth of water in the upper jar, and at sunrise 
each day the water was returned to the upper jar. In the City 
of Canton there is a water clock which has been running for 
eight hundred years, and at the present time it is the standard 
clock of that city. 

This clock consists of four water jars, each having a capacity 
of eight or ten gallons. The jars are placed one above the other, 
in the form of a terrace, the three upper ones being provided 
with a small orifice near the bottom, through which the water 
drops inic the jar next below, and so on down from one to the 
other, until the water reaches the lowest or registering jar. In 
this there is a float, to which is attached an upright, having gradu- 
ations for the hours and parts of hours, and as the water rises the 
time can be determined by noting the height of the float in rela- 
tion to the cross-bar at the top of the jar. 

In this improved form of water clock the variation in the 
flow of water due to the difference in height, is overeome by 
having a series of jars, the outlet of the upper being so gradu- 
ated that there is but little variation in the height of water 
in the second jar, and in the third the height remains practically 
uniform, thus insuring a constant head for the water which drops 
into the registering jar. At the beginning of each day the water 
is taken from below and carried up a flight of steps to the top. 

That such an arrangement has some elements favorable to the 
accurate measurement of time, there can be no doubt. It cer- 
tainly has the element of simplicity, and notwithstanding its long 
service, the only wear noticeable, was confined to the steps lead- 
ing to the upper jar. 

Clocks of the present type, although used as far back as the 
twelfth century and possibly earlier, were but fair time-keepers, 
until several centuries later. Those which the astronomers used 
in their observatories at the end of the fifteenth century, were 
so unreliable that modified forms of the clepsydras of the ancients 
were used, and, as they did not prove to be satisfactory, most of 
the observations were made without the use of clocks. - 

Galileo’s beautiful discovery of the isochronism of the pendu- 
lum from the swinging chandelier in the church at Pisa, was of 
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great value in many respects, but in none more so than in its 
application to the measurement of time. 

Soon after that great discovery the English clock-maker, Gra- 
ham, invented the mercurial pendulum, by which the variation 
in its length caused by the difference in temperature was fully 
compensated, and some years later Harrison, another English 
clock-maker, invented a compensating pendulum, which consisted 
of a series of metal bars having different coefficients of expan- 
sion—so that two hundred years ago, as it is to-day, the pendulum 
was the nearest perfect of all the devices that have been employed 
for governing or controlling the motions of a clock mechanism. 

Every part of the clock down to the minutest detail has been 
the subject of study and improvement, and they are made and 
adjusted with such precision and delicacy that in testing them 
the question is, within how small a fraction of a second will they 
run. Not content with their marvelous performance when under 
normal conditions, some of the finest astronomical clocks are sur- 
rounded by glass or metal cases, in which a partial vacuum is 
maintained, and in order that the cases may not be opened or 
disturbed, the winding is done automatically by means of elee- 
tricity; the frequency of the winding in some eases being as 
often as once every minute. These clocks are set up in espe- 
cially constructed rooms or under-ground vaults, where they are 
free from jar or vibration, where the temperature and barometric 
conditions remain practically constant, and where every possible 
precaution is taken to further minimize the errors of the run- 
ning rate. 

A clock in the Observatory at Berlin has run for several montlis 
under these favorable conditions, with a rate having a mean error 
of but fifteen one-thousandths of a second per day and a maximum 
error of thirty one-thousandths of a second per day. 

Another clock installed at the Observatory of Case School of 
Applied Science at Cleveland, running under similar conditions, 
also has a mean error of fifteen one-thousandths of a second per 
day, with a maximum error for several months of but twenty-two 
one-thousandths of a second per day. 

These are notable examples of the present state of the art of 
clock-making, and show the wonderful precision with which min- 
ute intervals of time can be measured. 

From the time of the invention of Peter Hele, in 1477, of the 
“ Nuremburg Animated Egg ” or “ pocket clock,” which required 
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winding twice a day, and varied an hour and a half in the same 
length of time, the development of the watch has kept pace with 
the “ Mother Clock,” and followed closely to it in time-keeping 
qualities. 

These marvelous little machines, whether made at the homes 
of the peasants among the hills and mountains of Switzerland, 
where the skill required for making a single part has been handed 
down from generation to generation, or made in the great fac- 
tories of this country, where fully two million high-grade move- 
ments are turned out annually, and where the skill of the work- 
men has been supplemented by modern methods and machinery, 
are, notwithstanding the difficulties attending their manufacture, 
produced so cheaply as to be within the reach of almost every one. 

The larger watch, or ship chronometer, with its escapement so 
delicately made and adjusted that it must always be kept in the 
same position, was greatly improved through the efforts of the 
British Government in 1714 by offering rewards of ten, fifteen 
and twenty thousand pounds to any who should make chrono- 
meters that would run so accurately that the longitude of a ship 
at sea could be determined within sixty, forty and thirty miles, 
and Harrison, the inventor of the compensating pendulum and 
the compensating balance, which is now used in watches, suc- 
ceeded in making a chronometer, which, after being tested on a 
long voyage, was found to run so closely that the position of the 
ship was determined within eighteen miles, and he was therefore 
paid the full award of twenty thousand pounds. That historic 
chronometer, which marked a new era in navigation, is now num- 
bered among the treasures of the Greenwich Observatory. 

Modern ships are equipped with chronometers so accurate and 
so reliable, and with sextants of such precision that navigators 
can determine their position in latitude and longitude within a 
few miles. Therefore, with the increased speed of the powerful 
ships carrying hundreds or even thousands of passengers, together 
with their valuable cargoes, the methods and instruments used in 
navigation have been so improved as to greatly diminish the dan- 
gers in crossing the seas. 

The perfection attained in the measurement of time, which is 
of such great practical value in nearly every sphere of life, would 
not have been possible were it not for the even greater refine- 
nents that have characterized the methods and instruments used 
lv the astronomer in determining the length of the day and of 
the vear, which are the fundamental standards of time. 


. 
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The division of the cirele and the measurement of angles has 
ever been among the unsolved problems of the astronomer, yet 
in the instruments used by him, cireles have formed a most im- 
portant part. 

Long before the telescope was invented, Tycho Brahe, the 
Danish astronomer, “the founder of Modern Astronomy,” con- 
strueted for his observatory, instruments of various kinds having 
graduated circles and ares of cireles. His instruments for the 
most part were improvements on those used by Arabian astrono- 
mers in the eighth and ninth centuries, and these, in turn, were 
copied after similar instruments used by the Greeks and Egvp- 
tians, a thousand years previous, and it is supposed that such 
instruments were used by the Chinese at an even earlier period, 
so that graduated circles have come down to us from the far-off 
ages, 

The longer the radius the more accurate the graduations, was 
the principle upon which the early instruments were made, The 
Arabians, in about the vear 1000, built a sextant with a sixty 
foot radius and a quadrant with a twenty-one foot radius, but 
to Tycho Brahe is due the credit of constructing Instruments 
having circles, much smaller in diameter and graduated with a 
greater precision than ever before, It was by the use of such 
improved instruments of his own making, and by his observa- 
tions which were made without a telescope or any means of inag- 
nification, that he was able to give the positions of a large num- 
ber of stars within less than one minute of are from the positions 
given by modern astronomers. 

The graduation of an eight foot mural cirele in 1725 by Gra- 
ham of England, for the National Observatory, and of an eight 
foot quadrant by Bird, in 1767, were notable steps in advance 
in, the division of the circle and the measurement of angles, but 
these and similar instruments, although their efficiency was 
greatly augmented by the use of the telescope, have been sup- 
planted by others more practical. 

The first cireular dividing engine was made in 1740 by Henry 
{lindley, of York, England, for eutting the teeth of clock wheels, 
and it is interesting to note that in the same year Iluntsmann, 
another clock-maker, of Sheftield, invented the process of making 
crucible steel, that he might have a metal suitable for the springs 
of his clocks. 

Of the several engines constructed later, the one most suc- 
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cessful and representing the greatest progress, was that made by 
Ramsden, in 1777. This engine, automatic in its movements, 


was made especially for graduating circles, and because of the 
great precision with which he divided the circles of the instru- 
ments used by the Government, the Board of Longitude awarded 
him the sum of six hundred and fifteen pounds. A further and 
most potent recognition of the excellence of his work lies in the 
fact that all subsequent cireular dividing engines have followed 
closely the same general principles of construction embodied in 
the Ramsden engine. 

It is most gratifving to all these who are interested in mechan- 
ical progress that the Ramsden engine has been preserved 
throughout all these vears, and it now stands in the Museum of 
the Smithsonian Institution, at Washington, as a monument to 
the one who made it, and as the best example of that time of 
the art of graduating circles. 

Manv excellent dividing engines have been made that are quite 
cufficient in point of accuracy for the work for which they were 
intended, but the perfection required in the graduation of cir- 
les for astronomical instruments, is such that it has been found 
to be one of the most ditteult of all mechanical problems to make 

)engine that will meet such requirements. 

In such an engine the chief essential is that the spindle carry- 

¢ the master-plate shall be as nearly round and as closely titted 

its he aring’s as is possible, for the degree of excellence with 
hich that work is done determines how closely a circle can be 
divided, 

It seems almost incredible that a well-lubricated spindle of 
four inches in diameter at its largest part and tapering three- 
quarters of an inch to the foot, can be made so nearly round and 
so closely titted in its bearings that a movement of one-thousandth 
of an ineh in or out of its bearings, will in one case cause it to 
rn with difticulty, and in the other with perfect freedom, vet 
is has been found to be within the limits of mechanical re- 
finements. 


The greatest accuracy thus far attained in such engines, is one 
second of are, which are, with a radius of three miles equals one 
inch, and at twenty inches, which is the radius of the silver ring 
upon which the graduations on the master-plate are made, a line 
one-thousandth of an inch in width is equal to twelve seconds 
of arc, or twelve times the accumulated errors of any number 


SOME REFINEMENTS OF MECHANICAL SCIENCE, 


of divisions, or twenty times the greatest error of any single 
division. 

In automatically graduating a cirele, it has been found to be 
impracticable to cut more than six lines in a minute, and it re- 
quires about thirty-three hours to divide a eirele into two-minute 
spaces. As with the running of the finest clocks, the best results 
ean only be obtained when the engine is surrounded with every 
favorable condition possible, Instead of the large circles and 
sectors used by the ancients, they have been made smaller in 
diameter as the methods for graduating have been improved, 
until those of the more modern instruments are seldom more 
than thirty inches, and some of the latest meridian instruments 
have cireles of but twenty-tive inches. 

The smaller circles, which ean be made and graduated with 
greater precision than the larger ones, are also less liable to 
change in form, owing to their weight and the variation in tem- 
perature, and with the aid of the reading microscope the results 
obtained would not be possible with the larger circles. 

A twenty-five inch circle read with a microscope having a 
power of forty, would be equivalent to a circle of about eighty 
feet in diameter, and a single second of are as seen through the 
microscope would be equal to 0.0024 of an inch, a quantity easil) 
subdivided. 

A most important adjunct to the astronomer’s instrumenta! 
equipment, is the filar micrometer. With it he determines thy 
errors of divisions, the eccentricity of his circle and measurc- 
the angles to within a fraction of a second; and when used at 
the eve end of the telescope he determines the positions and mo 
tions of the stars and the distances and diameters of the planets 
In these little instruments, whether of the simple or complex form, 
the chief requisites are the screw and the cross wires, for upon 
them the value of the observations and measurements depend. 


To make the serew of a micrometer so true that the errors i: 


the threads cannot be detected by its own magnifying power, 
an extremely difficult task. These micrometer screws are ofte) 
made with one hundred threads to the inch, and are provid 
with graduated drums having one hundred divisions, the rea 
ings being made in tenths of a division. 

The cross wires, which are but common spider lines, becaus 
of their fineness and the remarkable qualities they possess, ar 
indispensable in micrometric work. 
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OF MECHANICAL SCIENCE. 
That the repulsive and even dangerous spider has plenty of 
enemies among the human family, there can be no doubt, yet if 
the value of the contributions which it has made to the cause 
of science was generally known, it would surely have a greater 
number of friends than at present, and most certainly the astron- 
omer will say naught against it, for after the experience of many 
vears he has found that the spider furnishes the only thread 
which can be successfully used in carrying on his work. 

The spider lines mostly used are from one-fifth to one-seventh 
of a thousandth of an inch in diameter, and in addition to their 
strength and elasticity, they have the peculiar property of with- 
standing great changes of temperature, and often when measur- 
ing the sun spots although the heat is so intense as to crack the 
lenses of the micrometer eye-piece, yet the spider lines are not 
in the least injured. 


The threads of the silkworm, although of great valu 


ads a 
commercial product, are so coarse and rough compared with the 
silk of the spider that they cannot be used in such instruments. 

Platinum wires are made sufficiently fine, and make most ex- 
cellent cross wires for instruments where low magnifying powers 
are used, yet as the power increases they become rough and im- 
perfect. 

Spider lines, although of but a fraction of a thousandth of 
an inch in diameter, are made up of several thousands of micro- 
scopic streams of fluid, which unite and form a single line, and 
it is because of this that they remain true and round under the 
lighest magnifying power. 

An instance of the durability of the spider lines is found at 
the Allegheny Observatory, where the same set of lines in the 
micrometer of the transit instrument has been in use since 1859. 

The placing of the spider lines in the micrometer is a work 
of great delicacy, and in some micrometers there are as many 
as thirtv which form a retienle, with lines two one-thousandths 
of an inch apart, and parallel with each other, under the highest 
magnifving power. 

Step by step from the methods of the Arabian astronomers 

» the time of Tycho Brahe and on down to the present day, im- 
provements in the instruments and methods for the measurement 
f angles have been going on, until astronomers can measure 
ouble stars with a separation of one second of are, and within 
ess than one second they can define their positions in the heavens. 
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In the realm of the measurements of minute linear distances, 
and the perfection of curved and flat surfaces, the retineiments 
are even greater than those pertaining to the measurement of 
time and of angles. 

Most important in the linear dividing engine is the screw, and 
although much had been accomplished in bringing such engines 
to a high degree of excellence, it was for Prof. Rowland to 
make an engine which has a practically perfect screw; and with- 
out doubt it is in all respects the nearest perfect of all the mech- 
anisms that have been employed for ruling lines exactly paralle! 
and equally spaced, 

The Rowland engine was made especially for ruling diffraction 
gratings which are made of speculum metal, and with it a metal 
surface has been ruled with 160,000 lines, there being about 
29,000 to the inch, and as many as 43,000 lines to the inch have 
been ruled. 

The gratings mostly used have from 14,000> to 20,000 lines 
the inch, and with such exactness is the eutting tool moved ty 
the serew that the greatest error in the ruling does not execed 
one millionth of an inch. 

The production of these gratings, which has enabled the pliys- 
icist in his study of the spectrum to enter fields of research before 
unknown, has not only ealled for the highest degree of perfection 
ever attained in the spacing of linear distances, but it has also 
ealled for a refinement most difficult in the optical surfaces upon 
which the lines are ruled. To Mr. Brashear was given the prob 
lem of producing such surfaces, and notwithstanding the many 


difficulties encountered in working and refining the speculu 


metal plates, he has made many hundred plates with surfaces 
either flat or curved with an error not to exceed one-tenth of a 
wave length of light, or one four hundred thousandth of an inch. 

As the established standards of length which are the vard of 
Great Britain and the meter of France, are made of metal, an‘ 
liable to destruction or damage, Prof. Michelson conceived th: 
idea of determining the lengths of these standards in wave lengt)is 
of light, which would be a basis of value unalterable and ind 
structible. 

For the purpose of carrying out these experiments, the inter 
ferometer was constructed, an instrument which required thie 
highest order of workmanship and the greatest skill of th 
optician. Again Mr. Brashear proved to be equal to the ocea- 
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sion, and made for the instrument a series of refracting plates, 
the surfaces of which were flat within one-twentieth of a wave 
length of light, with sides parallel within one second. This was 
the most difficult work ever attempted in the retinement of optical 
surfaces. 

Professors Michelson and Morley devised a method for using 
the interferometer to make the wave length of some detinite 
light an actual and practical standard of length. So satisfactory 
was the result that Prof. Michelson was invited to continue the 
experiments at the Bureau of Weights and Measures, at Sévres, 
France, where the standard meter, which is kept in an under- 
ground vault and inspected only at long intervals, was used for 
that important work. The final result of the experiments, which 
occupicd nearly a vear, shows that there are 1,553,164.5 wave 
lengths of red cadmium light in the French standard meter, at 15 
degrees Centigrade. So great is the accuracy of these experiments, 
that they can be repeated within one part in two millions. Should 
the material standard of length be damaged or destroved, the 
standard wave length of light will remain unaltered, as a basis 
from which an exact duplicate of the original standard ean be 
made, These two marvelous instruments, the Rowland dividing 
engine and the Michelson interferometer, show the possibilities 
in the perfection of linear divisions and the standards of length. 

We have recounted some steps of the progress that has been 
made in the measurement of time, of angles, and of length, to- 
gether with some of the refinements in these measurements, but 
we are confronted with the fact that notwithstanding all that 


has been accomplished from centuries past down to the present 


time, there are, as ever before, many imperfections requiring 
new problems in mechanical science to be worked out for thie 
further enlightenment and welfare of mankind. 
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The prominent position now held by engineers and by the pro- 
fession of engineering is of a comparatively recent date. The 
national engineering societies that have grown up in one genera- 
tion have become important and intluential institutions of a semi- 
public character. The rapid growth of the American Society of 
Mechanical Engineers in membership and in influence is an inter- 
esting example of the benefits arising from the professional asso- 
ciation of engineers, as distinguished from the results of isolated 
work and duplicated experiments. The scientific societies have 
supplied the needed facilities for the members to discuss their 
investigations, compare their experiences, and to place their data 
on record, where they are accessible to any engineer for utiliza- 
tion in any part of the world. The social influences naturally 
following the frequent meeting face to face of earnest men, swept 
away a host of fancied differences, leading the way step by step 
to mutual helpfulness and co-operation. 

The influential position now held by this Society, came not by 
happy accident, but by the earnest work of men who stamped 
their own character upon it, for this Society, like all human insti- 
tutions, is what its members have made it. If it has high ideals it 
is because its members cherished such ideals in their thoughts; 
they hoped for their realization; and, finally, by well directed 
efforts, saw them erystallize in this institution. 


Twenty-five vears ago Mechanical Engineers were scattered 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 
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throughout our country, designing and manufacturing machinery, 
with inadequate means of comparing their own ideas with those 
of their brethren, little or no co-operation with each other, and 
with no social bond connecting them. This isolation of those who 
should be companions was keenly felt by many, but especially by 
Prof. John E. Sweet. In 1879, he on his own initiative wrote to 
the correspondents of the technical newspaper, known as_ the 
* American Machinist.” asking them to assemble in New York 
for a double purpose; to pay their respects to the editor of the 
paper and for mutual aequaintanee, The result of this gathering 
Was inspiring and there soon followed a call for a meeting to 
form a permanent organization signed by Prof. John EE. Sweet, 
Alexander L. Holley, and Prof. R. UL. Thurston. On February 
16, 1880, at 96 Fulton Street, in New York City, about forty 
engineers met In response to the invitation. Prof. Sweet ealled 
the meeting to order, Alexander L. Holley was chosen Chairman, 
a name for the Society was selected, by-laws submitted, after 
which the meeting adjourned to April 7th, when the organization 
was completed. The first professional work of the Society was 
the passage at this meeting of a special resolution inviting Prof. 
Sweet, in view of the eminent services rendered by him in the 
organization, to read the first paper before the Society. Thus 
the * American Society of Mechanical Engineers ” started on its 


beneficent and useful course, to be devoted, as Chairman Iolley 


expressed it, * to mechanics and dynamics.” 

As the vears passed by, the Society gained in membership, in 
technical standing, and in influence in the manufacturing world. 
With prosperity many contributions and gifts of historical ma- 
terial came to the Society, some of inestimable value, among 
which were portraits of men eminent in the advancement of 
engineering theory or practice. It is a pleasure and an inspira- 
tien to view the portraits that adorn the walls of our Society head- 
quarters and contemplate the lives and the works of the eminent 
men who are there grouped together. Let us for a moment glance 
at that goodly array of these whom every one classes as prominent 
among the world’s benefactors. 

There on canvas is James Watt, the discoverer of cylinder con- 
densation; the eceonomy of steam expansion; who first introduced 
the steam jacket; the double acting steam cylinder; the applica- 
tion of steam to rotating shafts; the parallel motion for piston 
rods; the centrifugal governor; the throttle valve; the steam 
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pressure gauge; the water level gauge; and the steam indicator. 
Prof. Thurston has aptly characterized him as a “ genius of the 
brightest intellect, a mechanie such as the world rarely produces.” 

Nearby is a portrait of John Ericsson, one of the greatest, if 


not the greatest mechanical engineer that any age has produced. 


While living he was the recipient of numerous diplomas, medals, 
titles, and orders of knighthood, and on his death his remains, 
with the highest henors, were returned in a United States naval 
vessel to Sweden, his native land. This portrait is especially 
prized as being the only one ever painted from life. He lived 
in such personal seclusion that he saw little of his fellow workers. 
This wonderful man, whose features were so little seen when 
living, all Gan now contemplate at their leisure. Purely by en 
gineering ability did he twiee revolutionize the navies of the 
world. Ilis contributions to the mechanical world were so numer- 
ous and important that his work in engineering is In some degree 
similar in scope to Shakespeare’s contribution to English liter 
ature. 

We contemplate with especial interest the portrait of Robert 
Fulton, painted by himself, for he was a portrait painter before 
he surprised the world with the successful application of steam 
in navigation. It was an active and a fruitful life that he led, 
from the suecessful “Clermont” ascending the Hudson River 
against the tide, to the United States steamer ** Fulton,” the first 
steam war vessel ever constructed. Admirers of him have placed 
this portrait in our gallery, where it may have a permanent home 
with congenial surroundings. The bronze bas-relief on the monu- 
ment erected by this Society to mark his last resting place in 
Trinity Churchyard was modeled directly from this portrait. 

Sir Henry Bessemer now attracts our attention, and we are 
startled by attempting to imagine the condition of the world, with- 
out the revolution in stee] making that this epoch maker developed. 

Over the platform hangs the portrait of Alexander L. Holley, 
charming in personality and famous for the skilful introduction 
of the Bessemer process of steel making in this country. He 
signed the call for the organization of our Society and was its 
first Chairman. 

Kindly and genial John Fritz here bears the contented expres- 
sion that we expect to see in one who has earned and won the 
famous Bessemer medal. Ilis great achievements in industrial 
affairs are emphasized by the John Fritz prize medal that here- 
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after will vearly be an incentive to important and_ skilful en- 
gineering work. 


Bessemer, Holley, I’ ritz— what wonderful materials and proe- 


esses this great trio has revealed to us! 

Nearby is J. FP. Holloway, of pleasant memory, one to whom 
so many members of the Society were indebted for a kind word 
ora helptul suggestion, Ilis descriptions of early engineering 
experiences to be found in our transactions, are literary gems as 
well as an accurate record of early engineering events. 

The time is too short to more than refer to the portralts of 
Rankine, a genius in analytical mechanics, of Dr. Francis Renu 
leaux, so distinguished in theoretical and applied kinematies, of 
George H. Corliss, of H. R. Worthington, of John C. Toadley, 
of Eckley B. Coxe, of James Dredge, and of Joseph Harrison, Jr. 
The mention of their names brings a multitude of memories of 
their personality, their struggles, and their triumphs. For strng- 
gles in abundance they had, as no man ever worked himself any- 
where in a dead eal. 

Fach one in this gallery by his engineering ability contributed 
in a marked degree to the advancement of science and the me- 
chanie arts, thus making the life of each one of us now easier and 
more productive, as well as fuller of intellectual pleasures. The 
world is better and broader because they lived in it. Will not 
this gallery be, as it were, a helping hand to countless engineers 
who will come after us? Many a true heart will be given renewed 
courage, many a struggle will seem lighter, and the successes of 
life will seem dearer from the contemplation of those who blazed 
the way to broader engineering tields and greater business oppor- 
tunities, 

In that gallery of eminent engineers there is now to be placed 
the portrait of a man who, measured by the highest standards of 
honorable manhood, professional ability and earnest endeavor, 
will be rightly installed in that illustrious company. In behalf 
of the generous donor, I present to the American Society of 
Mechanical Engineers, a portrait of our beloved Founder—Prof. 
John E. Sweet. 
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PRELIMINARY REPORT OF A COMMITTEE TO CO- 
OPERATE IN STANDARDIZING ABBREVIATIONS, 
SYMBOLS, PUNCTUATION, ETC., TECHNICAL 
PAPERS. 


This Committee is the result of a desire of the authorities in 
charge of the publications of the four national engineering so- 
cieties to co-operate in this matter. 

The members of the Committee are the following: 

Warren Secretary of the American Society 
of Civil Engineers. 

D. S. Jaconvs, Vice-President of the American Society of 
Mechanical Engineers. 

Josepn Srruruers, Assistant Editor of the American Institute 
of Mining Engineers. 

Cary T. Hvrentnsox, Chairman of the Editing Committee 
of the American Institute of Electrical Engineers. 

This Committee has held several meetings; it seemed advisable, 
at the outset, to limit its discussions closely to the general sub- 
ject of abbreviations. Further, it seemed best to formulate a 
few general rules to be followed in making abbreviations, rather 
than to compile a list of forms to be recommended. 

The Committee decided to limit the subjeet more narrowly by 


considering only abbreviations to be used in the text, or gen- 
eral reading matter, and not those to be used in special matter, 
such as columns, box-headings, plates, figures, ete. The rules 
that follow are intended to apply to the text, and not primarily 
to such special matter. This Committee is of the opinion that it 


is impracticable to make general rules applicable to special matter; 
it believes that the rules herein stated should be followed as far 
as possible even in special matter, realizing, however, that clear- 
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ness is of the first importanee, and that all rules must be secondary 
to that consideration. 

Referring, then, to abbreviations in the text or general read- 
ine matter, the Committee recommends the observance of the 
following rules: 

1. Use abbreviations only after nouns denoting definite 
quantity. Example: * The power plant lias a capacity of 10 
lp. not * 10 horse power; but, * The capacity of the plant, 
in horse power, is ten.” 

2. Do not abbreviate abstract or descriptive words. Example: 
horizontal return tubular boilers,” mot hort. boilers.” 

3. Use lowe r case characters for abbreviations. An eCXCeC)p- 


he ease of words spelled nor- 


tion to this rule may be made in t 
mally with a capital Example: and not b.tea” or 
“BTU. (British thermal unit), “ U.S. eal.” (United States 
gallon), B. & S. gauge (Brown and Sharp gauge). 

t. Use a period after each abbreviation. Ina compound ab- 
breviation, do not use a space after the period. Example: “ ih.p.” 
and not i. p.” Cindieated horse power). 

5. Use a hvphen to connect abbreviations in cases where the 
words would take a hyphen if written out in full. When a 


hyphen is used, omit the period lmimediate ly prece ding the hyphen. 


Example: kw-hr.” and not 3 kw.-hr.”” (3 kilowatt-hours). 
6. Use all abbreviations in the singular. Example: “17 1b.” 
and not “17 Ibs.” (17 pounds), * 14 in.” not 14 ins.” (14 


inches), 


7. Never use “ p.” for “per,” but spell out the word.  Ex- 
ample: 100 ft-lb. per ton” foot-pounds per ton); 60 


niles per hr.’ (60 miles per hour). 

8. Use decimals, as far as possible, in place of vulgar frae- 
tions. Example: 1.25 not 1} ft.” 

%. In general, spell out an adjective qualifving the name of 
a unit. Example: * Boiler hep.” (boiler horse power). The 
exceptions to this rule are—‘i.h.p.” (indicated horse power), 
(electric horse power), (brake horse power), 
(electromotive force), m.m.f.” (magnetomotive force). 

10. Use Fig.,” not Figure.” Example: “ Fig.3,” and not 
“ Figure 3.” 

11. In all decimal numbers having no units a cipher should 
he placed before the decimal peint. Example: “ 0.32 Ib.,” not 
23 ib.” 
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12. In the notation of large numbers, use “en” spaces in- 


stead of comunas. Example : “1 5620 125,” not, “ 1,520,125. 


13. Use the word “by” instead of “x” in giving dimen- 


sions. Example: 8 by 12 in.,” not * 8 x 12 in.” 
14. Never use the. characters (”) or (”) to indieate either feet 


and inches, or minutes and seconds as periods of time. 


The following forms are given as illustrations of these rules, 


and are recommended to be used: 


ABBREVIATION 


NAME 


Indicated horse power ih.p, 


| 
13.1. 
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NAME. ABBREVIATION 


g-cal 


Magnetomotive force... . 


Electromotive force 


Candle power 


\W atts per candle power, 


Mean effective pressure 
High pressure cylinder... . 
Diameter, 

The members of this Committee have agreed tor commend the 


authorities in charge of the publications of the four national 


Cngineering societies to follow the rules given herein in their 


respective publications, as far as possible. 
(Signed) Cuartes Warren 
D. S. 
Srruruers, 
Cary T. Ivrenison. 


NOTE:— This re port is prese nted herewith in its prelit 


further consideration, discussion, and chanet 


|g 
Revolutions per minute.............00...-..-. TeV, per min 
Miles per hour per second. .................... miles per hr. per se 
| 
inary form and is open 
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No, 1055,* 


PRELIMINARY REPORT OF THE COMMITTEE AP- 
POINTED TO SUGGEST A STANDARD TONNAGE 
BASIS FOR REFRIGERATION. 


To Tue American or Mercnanican ENGINEERS: 

Your committee appointed in December, 1903, to suggest **A 
Standard Tonnage Basis for Refrigeration ** begs leave to report 
as follows: 

1. Your committee concluded that a procedure similar to that 
adopted in establishing a unit for the boiler horse-power, and 
recommended by a committee of this Society in Volume VL., 
page 302, of the Zransactions, be followed in this instance. 

2. Your committee has made no attempt to include in this 
report other machines than those which perform refrigeration 


by evaporating a refrigerating fluid to a vapor. 

3. Working on this line, the committee bas confined itself 
strictly toa thermal rating and to the establishment of a set of 
conditions which would seem to represent good average engi- 
neering practice. 


4. The subject was considered under two heads: 

A. The selection of units to measure the cooling effect or the 
refrigeration produced. 

PB. The selection of a standard set of conditions under which 
a refrigerating machine, no matter what its type, shall be run 
in determining what is herein designated as its commercial ton- 
nage capacity. 

5. The unit adopted to measure the cooling effect, or the re- 
frigeration, is the heat required to melt one pound of ice, which 
is 144 British thermal units,+ and by dividing the refrigeration, 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 

+ The figure used for the latent heat of fusion of ice in most reference books 
on refrigeration is 142 British thermal units. This figure comes from the experi- 


ments of Regnault, who obtained the value of 79.4 calories per kilogram. Per- 
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measured in British thermal units, by 144, the ice melting capac- 
itv in pounds is obtained. The unit for a ton (2,000 Ibs.) of ice 
melting capacity is therefore 288,000 British thermal units. Your 
committee feel that this tonnage unit cannot be improved upon, 
and herewith recommend its adoption. 

6. The commercial tonnage capacity is the refrigerating effect, 
expressed in tons of ice melting capacity produced by a machine 
in 24 hours when running continuously under the standard set 
of conditions. 

7. Your committee appreciate the fact that it is very difficult 
to establish a standard set of conditions under which a refrig- 
erating machine should be operated in order to determine its 
commercial capacity. Considering the matter from the stand- 
point of cost of plant and of steam and water economy, the best 
set of conditions to adopt seems to be those which often exists 
in ice making, namely, that the temperature of the saturated 
vapor at the point of liquification in the condenser, be 90 degrees 
Fahrenheit, and the temperature of evaporation of the liquid in 
the refrigerator be zero degrees Fahrenheit. 

s. The ice making capacity is not the ice melting capacity of 
a machine, but is less, being usually about one-half the latter, 
because in making a pound of ice more refrigeration than 144 
British thermal units is required owing to cooling the water to 
32 degrees Fahrenheit, and certain unavoidable losses incident to 
the process. 

9. The commercial tonnage capacity of any refrigerating ma- 
chine using liquifiable vapor is based upon the actual weight of 
the refrigerating fluid that is circulated between the condenser 
and the refrigerator, and that is actually evaporated in the 
refrigerator 

10. Under the conditions specified in paragraphs 7 and 9, 
twenty-five pounds of anhydrous ammonia per hour must be 
evaporated in the refrigerator for one ton of commercial tonnage 
capacity. For other refrigerating fluids we do not at present 


son determined it to be 80.0 calories, and Hess, 80.5 calories. Later experiments 
by Bunsen gave the value of 80 025, which is very nearly the mean of all the 
preceding values, and which is probably the most accurate. When reduced to 
British thermal units this value becomes 144 British thermal units per pound. 

* This agrees closely with the results obtained by experiment when the cool- 
ing effect of the ammonia evaporated was checked by the refrigeration produced 
as actually measured. 
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make any recommendations as to the weight of the fluid that 
must be circulated. 

11. The actual refrigerating capacity (in tons) of a machine 
may be determined from the quantity and range of temperature 
of brine, water or other secondary refrigerating liquid circulated 
as a refrigerant. The actual refrigerating capacity under the 
standard set of conditions should correspond closely to the com- 
mercial tonnage capacity. 

12. We recommend that a committee be appointed to report, 
suggesting rules for the best methods of measuring the quantity 
of refrigerating fluid evaporated in the refrigerator, together 
with acode of rules for conducting tests of refrigerating machines 
or plants. 

Respectfully submitted, 
D.S. Jacosus, Chairman, 
E. F. Miner, 
P. D.C. Bart, Committee. 
A. P. Travrwein, 


Garpner T. Voornrrs, 


; 
if 
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No. 1056.* 


APPENDIX, TO REPORT OF COMMITTEE ON STAND- 
ARDIZATION OF ENGINES AND DY NAMOS. 


(Papers 887, May, 1901, and 916, December, 1901.) 


At the meeting of the Society held in New York, December, 
1901, the undersigned, a committee duly authorized, presented 
a report on certall questions connected with the Standardization 
of Engines and Dynamos. Experience since the recommendations 
of this Committee, have induced the members of that former com- 
mittee to the belief that an luprovement could be made by adding 
the following appendix. 

They therefore ask that consent may be given to making this 
addition as an appendix to the report, and that authority may be 
given to distribute the appendix wifh the original report when 
the latter is called for. The appendix is as follows: 


APPENDIX. 
SUGGESTION F—SHAFT REDUCTION BEYOND ARMATURE FIT. 


To facilitate pressing the armature upon the engine shaft, the 


engine builder should reduce the diameter of the shaft beyond 


the Armature Fit an amount nof less than six thousandths of an 
ineh. 
James B. Sranwoop, Chairman, 
W. M. MeFarwanp, 
A. L. Ronrer, 
Frank 


W. B. Forses. 


To accomplish the purpose of the above signers, they move and 
second the passage of the following resolution: 


Resolved, That the recommendation of Messrs. J. B. Stanwood, W. M. McFar- 
land, A. L. Rohrer, Frank Ball and W. B. Forbes be treated as an appendix to 
the original report, and printed for cireulation with that report, and to members 
of the Society, as the report shall be requested for future distribution. 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI_. of the 
Transactions. 
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No. 1057.* 


COMPUTATION OF THE VALUES OF WATER POWERS, 
AND THE DAMAGES CAUSED BY THE DIVERSION 
OF WATER USED FOR POWER. 


BY CHAS. T. MAIN, BOSTON, MASS. 


(Member of the Society.) 


Definition of Value. 


1. The following definition of market value was given to the 
witnesses who were to testify on values in a recent important law- 
suit. 

2. “* Market velue’ means the fair value of the property, as 
between one who wants to purchase and one who wants to sell any 
article, not what could be obtained for it under peculiar cireum- 
stances, when a greater than its fair price could be obtained; not 
its speculative value; not a value obtained from the necessities 
of another. Nor, on the other hand, is it to be limited to that 
price which the property would bring when forced off at auction, 
under the hammer. It is what it would bring at a fair public sale, 
when one party wanted to sell and the other to buy.” 


Definition of Damage. 


3. The definition of the damage due to the diversion of water 
was stated as, “ The difference in market value, before and after 
the diversion.” 


Method of Determining Value. 


4. The value of an undeveloped water power depends: 
First. Upon its location, the amount and uniformity of flow, 
head, conditions affecting the cost of construction and transmis- 


* Presented at the New York me ting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 
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sion, use of exhaust steam and need of water for other purposes 
than power. 

Second. Upon what the power is to be used for, whether for 
electric lighting and railway work, through most of the hours in 
the day with a variable load, for some use requiring a fairly steady 
load for twenty-four hours a day, or for running a textile mill or 
similar plant with a fairly steady load for about ten hours a day. 

Third. Upon the market which can be served, whether it is 
secure and steady or must be built up and is somewhat unreliable. 

5. The value of a privilege should be determined by compari- 
son with the cost of producing power in such quantities and with 
such regularity as is required for the particular purpose for which 
it is to be used in a fairly economical manner at any place or 
places equally convenient for the transaction of the business under 
consideration. Some times the location is fixed, but oftentimes 
there can be a choice of locations. 

6. In estimating the value of an undeveloped privilege, the 
steps followed are as follows: 

(1) Determine the flow including the effect of storage and 
pondage. 

(2) Determine the net head. 

(3) Determine the horse-power which can be economically de- 
veloped and used each month in an average year. 

(4) Determine the minimum flow and power and from this the 
size of supplementary steam plant required if the power is to be 
developed above the minimum flow. 

(5) Determine the shortage of water power during such months 
as there is a deficiency. 

(6) Estimate the probable cost of development of the water 
power. 

(7) Estimate the probable cost of the supplementary plant, 
using steam, gas, oil, or anything which is best for the loeation 
under consideration. 

(8) Estimate the yearly cost of running the water power and 
supplementary plants, including the fixed charges on both, to pro- 
duce a combined power suituble for the purpose for which the 
power is to be used. 

(9) Estimate the cost of a steam, or other kind of plant, neces- 
sary to produce the power required. 

(10) Estimate the yearly cost of running this plant, including 
fixed charges, to produce the power required. 
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(11) Subtract the cost of producing the power by water power 
and the supplementary plant from the cost of producing it by 
steam power, or some other method, alone. The difference, if 
positive, gives the apparent yearly saving by the use of water 
power. The apparent saving should be modified if necessary for 
location or any other thing affecting the value. 

(12) Capitalize this difference at a rate which seems proper, and 
the result is the value of the privilege. 

7. There seems to be a great difference of opinion as to the 
proper rate of capitalization, but in the purchase of water power 
privileges the buyer of his own free will assumes certain risks, 
as damages caused by freshets, changes of business, ete., which 
he will not assume for nothing. He is also basing his comparisons 
of cost of power upon the present cost of producing power, which 
cost may be reduced in the future. For these reasons, the yearly 
saving should be capitalized at a rate not less than 10 per cent. 

8. Where a whole property is taken and the owner is free to 
move into an equal or more favorable location, the method and 
rate of capitalization given above should be used. 

If the privilege is developed the total value includes the value 
of the plant. 

9. The value of a plant will be its cost, less depreciation, up to 
the point where the cost of water power equals that of steam or 
some other power. Leyond this point, when water power costs 
more than steam power, the value of the improvements, although 
new, would not be represented by the cost but would be some- 
thing less than the cost. It is the sum which could be paid for it 
new which would bring the total cost of water power including 
fixed charges down to the cost of steam power, less depreciation. 


Method of Determining Damages. 


10. The damage has been defined as the difference in value of 
the entire property before and after diversion. 

11. It is usually unnecessary to go through an elaborate estim- 
ate of the value of the whole property, before and after the diver- 
sion, for the reason that many of the items of value will remain 
constant. The decrease in value, if there be any, is due to the 
fact that the running expense is increased’ by the diversion, and 
if this increased cost of running be capitalized at the proper rate 
the capitalized sum will represent the amount which the property 
is decreased in value, or the damage. 
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12. In estimating the damage to an undeveloped or abandoned 
power, the value before and after diversion should be estimated 
as described under the previous heading. The difference repre- 
sents the damage. 

13. If a privilege is developed and used, a valuable business 
‘arried on and a plant established which cannot be easily moved, 
the definition of damage still holds good, but in such a case it is 
customary to capitalize the yearly loss at a smaller rate than 10 
per cent., as this damage is done against the owner’s wishes, and 
as he should receive a sufficient sum from which, in his business or 
in some other way, he can obtain a sufficient income to make good 
his yearly loss. The writer has, unless otherwise instructed, cap- 
italized the vearly loss at 5 per cent. 

14. A privilege which produces a variable powe: and has no 
supplementary power is not damaged any more than if it were 
so supplemented, and it should be treated in the same way as 
though it were supplemented. 

15. The writer has generally used the following method of de- 
termining the damage to an established property, due to the diver- 
sion of some of the water. 

(1) Determine the flow, including the effect of storage and 
pondage, before and after the diversion. 

(2) Determine the net head. 

(3) Determine the horse-power which can be economically de- 
veloped and used before and after diversion. 

(4) The difference between the power used before and after 
diversion is the power diverted which causes damage. 

(5) Estimate the additional yearly cost of running cansed by 
the taking away of this power, of coal, attendance and supplies. 

(6) If any permanent power has been taken, that is, power 
which ean be relied upon in the lowest flow of the stream, esti- 
mate the cost of a steam plant or portion of plant necessary to 
make good the amount taken in the dry month. 

(7) Estimate the fixed charges on this cost of additional supple- 
mentary plant. 

(8) Add the extra cost of running and additional fixed charges 
and the sum represents the extra yearly expense. 

(9) This extra expense capitalized at a proper rate represents 
the damage. 


16. If it is necessary for the mills to maintain a steam plant 
of sufficient size to run the whole mill under the conditions exist- 
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ing before the taking, it is clearly not necessary for the defendant 
to furnish or maintain any further addition to the plant, and the 
damages consist of the increased expense of running the plant, 


already installed, due to the diversion. 

17. If the total power required to run the mill is so large that 
the steam plant must be run all of the time, then there is no extra 
expense for attendance or supplies due to the diversion. 

18. If the total power required is such that wheel plant ean run 
the whole work for a portion of the vear alone, and for the re- 
mainder must be supplemented by steam power, the time during 
which the engine must run may be extended by reason of the 
diversion, and in such ease there is an addition to the expense of 
running for laber and supplies for such extra time, whieh should 
be added to the extra cost of coal, and the total extra expense eap- 
italized at a proper rate will represent the damage. 


Water Shed and Run-off. 

19. Too much stress cannot be placed upon the importance of 
determining the flow of the stream under consideration. If eare- 
ful gaugings have been made extending over considerable time, 
they are the most reliable information which ean be had. If no 
gaugings have been made, an examination of the water shed should 
be made to ascertain its character, all existing rainfall records 
in the vicinity should be collected, and an estimate made of the 
run-off. Assistance may be had by comparison of similar rivers, 
the run-off of which is known. 

20. The amount of data on the flow of streams which is avail- 
able is increasing each year, as careful records are being kept 
on many rivers by persons or corporations who are interested in 
these matters, and by the United States Geological Survey. 

21. The amount and uniformity of the run-off are two items 
which enter very largely into the value. The uniformity of flow 
depends largely upon the storage capacity and location of reser- 
voirs on the water shed. The areas and capacities of such reser- 
voirs should be ascertained and the net amount which can be 
drawn from them. 

22. In estimating the average flow-off the months should be 
averaged in order of their dryness instead of in calendar order. 
If the flow is averaged by calendar months a great many irregu- 
Jarities in the flow are smoothed out and some of the flow is aver- 
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aged in which could not be held and used. By averaging all the 
dry months, all the second dryest, and so on, some of this evening 
up is eliminated, but it cannot be altogether avoided. The average 
flow averaged by months in the order of their dryness will be less 
uniform and nearer the truth than when arranged by calendar 
months. 

23. The average vear is the one used in estimating the avail- 
able power or power diverted, but the effect during the year when 
the flow is less than the average must not be lost sight of. 


Flow Used During Working Tours. 


24. The flow at any given privilege is usually given in eubie 
feet per second for twenty-four hours a day and seven days a week. 

25. If the power is used twenty-four hours a day and there are 
no disturbing influences above to break up the uniformity of flow 
during the whole day, a small mill pond will answer. If, however, 
there are mills above using all the water in ten hours a day, a 
large pond would be necessary to store and use it all in twenty- 
four hours. 

26. In a great majority of cases the water is used during the 


day for say ten hours a day and six days a week. If there is pond- 


age enough so that it may be drawn down during the ten hours 
in the day enough to store the whole fourteen hour night flow, 
and if no water were wasted, the ratio of the flow used in ten hours 
to the 24-hour rate would be 2.4; that is, 2.4 times the 24-hour rate 
of flow would be used during the ten working hours of the day. 
If the pond could be drawn down Saturday, so that the night and 
Sunday flow could be stored, the ratio of 24-hour flow to that 
used in 10 hours a day and six days a week would be 


27. A certain amount of water is unavoidably wasted over the 
dam and by leakage through the various parts of the plant. This 
allowance of leakage and waste I usually place at 10 per cent. of 
the flow which could be theoretically stored and used. Using the 
above allowance for wastage, the maximum ratio of 24-hour flow 
to that whieh could be used in 10 hours, six days in a week, is 
2.80 X .90—2.52. 

28. When the pond cannot hold all of the flow during the time 
when the mill is not running the ratio will be something less 
than 2.52, and when no portion can be stored the ratio is 1. 
These ratios of amount of flow which can be used in 10 hours a 
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day to the total flow have sometimes been called ‘ multipliers.” 
They are the figures by which the 24-hour rate of flow is mul- 
tiplied to get the rate which can be used during the working honrs. 

29. The multipliers are computed for an isolated privilege by 
adding to the cubic feet naturally flowing in ten hours the cubic 
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Fig. 1. 


feet which can be stored each night, and to this adding one-sixth 
the cubic feet which can be stored during the 24 hours of Sunday, 
and dividing this sum by the cubie feet naturally flowing in ten 
hours. 

30. With a series of mills, some with small ponds might be en- 
jeying the benefits of larger ones above, although they might have 
no rights in them. If the location were directly below the one 
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with the larger pond so that the lower privilege practically takes 
the water as it comes from the upper one, it will get the benefit 
of all or nearly all of the storage above. As the distance in- 
creases between the two privileges, the length of time required 
for the water to get to the lower one would increase, and the 
benefit of the upper pondage would decrease. If it took one hour 
for the water to get down the multipliers would be 90 per cent. 
of those above, two hours S80 per cent., and so on, plus any storage 
of water from the water shed below the upper privilege which ean 
be stored in the lower pond. 

31. Where there is a series of mills the multipliers can be com- 
puted in this way until a privilege is reached, where the multi 
pliers due to its own storage are greater than those obtained 
for anything above. This power then becomes the governing one 
for those below it until another is reached having large enough 
storage to establish a new set. 

32. The computation of these multipliers is tedious, and in 
order to facilitate the computation I have worked out the formula 
for them, and have prepared a diagram which reduces the labor to 
a comparatively small amount: 

Let f = 24-hour rate of flow in cu. ft. per sec. 

8 = storage in cubic feet. 

M = $y of the ratio which the amount of water which 
can be used in ten hours a day, six days a week, bears to the total 
amount flowing during the week: 

36,000 = number of seconds in 10 hours. 
50,400 = “14  orone night. 
216,000 = “60 working week. 
2.16 = 90 per cent. of 2.4 ratio of 10-hour flow to 24-hour 
flow. 
90 per cent. of 2.8 ratio of 10-hour flow to 24-hour 
flow + 4 of Sunday or 4-hour flow. 
When » is less than 2.16, 


8 
When is greater than 2.16 and less than 2.52, 


216,000 


Fig. 1 shows the multipliers for various ratios of pondage to 
rate of 24-hour flow. 
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Use of the Multipliers. 


33. The use of the multipliers is apparent when the problem 
is the determination of the amount of power which can be pro- 
duced at a given place. 

In estimating the damages caused by the diversion of a por- 
tion of the water shed, the power which can be produced before 
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Fig, 2. 
the diversion and the power which ean be produced after diversion 


should also be estimated in the same manner, the difference 
between the two representing the amount of power diverted. 


Tlead. 


34. There may be several kinds of heads on the same develop- 
ment. There is the legal head, or the head to which the owner 


16 
1.00 
| | | 4 
i wt | 
< 
“ 
60 
AY 
A 
4 
| 
i 
P 
40 
/ 
4 
/ 
/ 
/ 
/ 
| 
7 7 
/ 4 
/ 
/ / 
20 
/ 
/ / 
/ / 
/ 
10 
/ 
Main,C. T. 


VALUES OF ‘i 


WATER POWERS. 


has a right to develop his power. This may or may not have been 
developed to its full extent. It may be that the expense involved 
would be too great to warrant further development. In some 
vases it might be economy to make the expenditure necessary to 
get the benefit of some unused portion of the head. 

35. The gross head is the head actually used for producing 
power and getting the water onto and away from the wheel. 

36. The net effective head is the gross head minus the loss in 
head required to get the water onto and away from the wheel. 
This loss will vary with the length of the water ways leading to 
and away from the wheels, the velocity of the flowing water and 
the construction of such waterways. 


37. In several manufacturing cities where the water power is 
controlled by a company which is separate from the mill owners, 
there is an allowance of one foot made from the gross head before 
charging for the water as used on the wheels. 

38. The head should be measured with the wheels running. 
The only portion of the head whieh produces power is the dif- 
ference in level directly above and below the wheel, when the 
wheel is running. 


ffi ney of Wheels. 


39. Some tests of water wheels show a maximum efficiency of 
about 85 per cent. It is probable that rarely over SO per cent. 
is realized in practice after wheels have been installed for a short 
time, and this is for three-quarters to full-gate opening. When 
the gate opening is less than about three-quarters, the efficieney 
begins to drop. 


40. Fig. 2 shows an efficieney curve which has been pub- 
lished by one of the large wheel makers in their catalogue as the 
result of tests on one of their wheels. This is an excellent curve 
and represents a wheel of maximum eflicicney which is not often 
found in practice. 


41. After wheels have been run for some time the buckets and 
guides are not as smooth as when they are new and the efficieney 
drops off. For these reasons I usually allow an average effi- 


ciency for wheels running under ordinary conditions of age, re- 3 
pair and variable gate opening of about 75 per cent. Under . 
exceptionally good conditions and where there are several wheels = 


this could be increased. 


7 
a 
q 


VALUES OF WATER POWERS, 


$7.00 | 


tT 


plies for 


D 


uw 
2 
o 
oO 
c 
WwW 
a 
z 
a 
= 
a 
c 
< 
> 
Oo 


COAL $400 PER TON. ALSO FIXED CHARGES ON WATER POWER PLANT. 


SAVING IN COAL, ATTENDANCE, Oil, WASTE AND SUPPLIES IN STEAM PLANT, 


100 200 
HORSE-POWER OF STEAM PLANT. 


DIAGRAM SHOWING NUMBER OF MONTHS WHEN WATER SHOULD BE 
ALLOWED TO WASTE WITH DIFFERENT SIZES OF STEAM 
Main, C.T. PLANTS AND DIFFERENT COSTS OF WATER POWER, Note 


Fia. 3. 


Limit of Low Flow. 


42. With vertical wheels and bevel gears, and belt drive to head 
lengths of shafting, the friction losses are probably from 5 to 10 
per cent. of the total. With horizontal wheels the friction losses 
are probably from 2 to 5 per cent. 

43. On Fig. 2 there is plotted in addition to the efficiency the 


738 
$100 £8.00 
} Su M ntlis 
$5.00, . 
} +4 | ++I Ht 
| | | 1} 
| | Lit 
$20 } + + + + --—-+-- 
| | 
$1.00 $+ 1 ith. 
| | | 
| 
| 
| 


VALUES OF WATER POWERS. 


percentage of water and power produced for different gate open- 
ings. From this it will be seen that with a small flow the effi- 
ciency and the amount of power developed will be small, and 
unless the total drainage area is fairly large, or the low flow is 
sustained from storage, the power developed in dry months may 
not be sufficient to run the wheel and overcome the frictional 
losses. 

44. The flow required to produce 5 per cent. of the power is 
about 15 per cent. of the total water required to run the wheel 
full, and for 10 per cent. of power, 20 per cent of water is re- 
quired. With one wheel only there must, therefore, be a flow of 
say 10 to 20 per cent. of the total used by the wheel to produce any 
useful power. With several wheels properly arranged this could 
be reduced somewhat. At such times of low flow the water must 
either be stored and used for a short time in the day or it will 
produce no useful work. 


Effect of Back Water. 


45. In a great many places there are periods during the year 
| ] g 


when the flow in the stream is so large that the water backs 
up below the wheel to a greater extent than the level of the 
water above the wheel can be raised, thus reducing the effee- 
tive head and power. Sometimes the effect is so great as to 
prevent the use of the wheels. 


Effect of Low Flow and Back Water. 


46. The effect of low flow is to require an auxiliary power 
plant to make up the deficiency of water power, if it is neces- 
sary to run constantly, and if the flow drops so low as to produce 
no effective power, the auxiliary powtr plant must be of a capacity 
sufficient to run all of the work. 

47. The effect of back water is to reduce the power produced 
by the water and to make it necessary to maintain a water power 
plant which has a surplus capacity in times of ordinary flow, or 
to maintain an auxiliary power plant and to run the same to make 
good the diminution of power if it is necessary to run full all 
the time. If the back water lasts for a long time and is so 
serious as to prevent any production of power from the wheels, 
the auxiliary plant must then be large enough to run the whole 
work. 
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Length of Time During Which Diversion Causes Damage. 


48. In order to ascertain the difference in running expense 
due to diversion, it is necessary to know the average amount of 
power diverted and for how many months the diversion oceurs. 
This latter can usually be ascertained by knowing the capacity 


DIAGRAM SHOWING EXTRA LENGTH OF TIME WHICH ENGINE WOULD 
HAVE TO RUN IF INSTALLED AFTER DIVERSION. 
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of the wheels in use, for in the majority of cases the wheel 
development will be an economical one. 

49. It is sometimes the case, however, that larger wheels are 
installed than economy would warrant by overestimating the 
flow, or some other cause. Wheels are sometimes installed to be 
used in times of back water, remaining idle at other times. 
Where the variation of the use of power during the day is large, 
as for electrie light and railway purposes, wheels may be in- 
stalled for the peak load where pondage will allow this method 
of running. If the length of time when the diversion causes 
damage is measured by the capacity of the existing wheels, it 
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may appear to be for the entire twelve months of an average 
year. This cannot be true, for it would not pay to put in wheels 
to use all of the water in every month in the vear. The diver- 
sion should be estimated for as many months as it would be 
economy to develop the power to use all the water under average 
conditions, 

50. If the chance size of a wheel should be taken as measuring 
the length of time over which the damage continues, in a series 
of adjacent mills, some which had put in a portion of the wheel 
plant which could be used with economy would receive small dam- 
age, while a mill with a much larger wheel than would ordinarily 
be used would receive larger damages thereby, when in point 
of fact the damage would be the same, other thines being equal, 
and with a series of mills the damages would not be proportioned 
properly unless the wheels were installed in each on the same 
basis of economical development. 


Economical De velopment of Water Power. 


51. In a large number of water power developments which I 


have examined, a verv large percentage have been developed with 


wheel capacity sufficient to use all of the water from six to seven 
months in an average vear, and during the remaining months water 
would go to waste. The economical development has been stated 
by some engineers to be nine months. No general statement is 
applicable to all conditions. It is a question of economies which 
requires solving for each particular case. 

52. The factors which enter into the problem are on one side 
the cost of the water power development and the fixed charges 
on the same, plus the cost of water if anything is paid for it, 
and on the other side the saving which ean be affected by the 
use of such a plant. 

53. The cost of the dam will be a constant for any size of 
wheel development, other things being equal. The head gates, 
eanal, racks, feeders, wheels, wheel-pits and tailraces must be 
increased in size and cost for the purpose of using a larger amount 
of water than the flow in the average month or sixth month of 
an average year, and the fixed charges for such increase in cost, 
plus the cost of water, represent the annual cost of the correspond- 
ing increase in water power. 

54. The saving due to such inerease in water power is repre- 
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sented by the saving in coal only on supplementary steam plant, 
necessarily run with such a varying water power, plus the cost 
of attendance and supplies on steam plant if it can be shut 
down entirely during the months of maximum power on the 
wheels. As the water power is increased in size to use water 
for a greater number of months, the cost of such increase for 
each additional month makes a saving for a less number of months, 
and there comes a time when the saving on steam power is less 
than the fixed charges on the additional cost of water power plant. 
Where these two items balance depends upon the following con- 
ditions: 

(1) Cost of running the water power plant for each increment 
of power. 

(2) Saving affected by the decreased use of steam power. 

55. The variation in the cost of the water power plant per 
horse-power is very large. The principal causes for this are 
the variation in head and distance from the source of supply 
of the water to the point of discharge. The cost of construe- 
tion will also vary with loeal conditions. 

56. The saving affected would also vary largely, depending 
principally upon the number of hours run during the day, the 
cost of coal, and whether by increasing the size of water power 
plant the auxiliary power plant could be stopped during the 
months in which the water power was producing full load. 

57. An example will suflice to make this clear. Supposing 
the cost for each additional horse-power of water power plant 
required to use all the water for a longer period was $60 a horse- 
power. The fixed charges on this, including interest, will be not 
less than 8 per cent., or $4.80 per year. The cost of coal and 
attendance on a steam plant of say 500 horse-power, when running 
ten hours a day, with coal at $4 per ton, is about $13 per year 
per horse-power, or $1.08 per month. $4.80 -- $1.08 == 4.44 
months. In other words, it would not pay to develop such a 
power to use all the water for more than about seven and one-half 
months. 

58. If the engine or boilers cannot be shut down at all, a less 
saving could be made and the power could be economically devel- 
oped for a less period than seven months. 

59. The various conditions and lengths of time required to have 
the saving equal the fixed charges are shown on Fig. 3. This dia- 
gram is figured on coal at $4 per ton, and with a running time 
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of ten hours a day, six days a week. Similar diagrams could be 
made for any other prices of coal and time of running. 

60. To use the diagram, supposing the water power plant cost 
$50 per horse-power, and the size of steam plant is 200  horse- 
power. On the ordinates tind $50 cost of water power plant. 
Run along horizontally until this line intersects the vertical line of 
200 horse-power of steam plant, and these two lines will be found 
to intersect about on the curve marked three months. 

If the water plant cost $70 and the steam plant were 350 horse- 
power, the time is five months during which water should waste. 


Table Showing Flow and Power. 


61. The table on page 83 shows a convenient form for tabulat- 
ing the flow and power. The first half is useful in estimating 
the value of a privilege, and the whole table for estimating dam- 
ages when a portion of the flow is diverted. 

62. The only thing needing explanation is the figure .0851 
which appears in the headings of columns 6 and 12. ‘This is the 
horse-power produced by one cubie foot of water per second 


on one foot head with an efliciency of 75 per cent. With 80 
per cent. efficiency the figure is about .091. 


Approximate Cost of Water Power Development. 


63. In connection with the preceding diagram is printed a table, 
page 85, showing approximately the cost per horse-power of water 
power plants, not including dam, canal and buildings, for different 
heads, distances from feeder head to end of tailrace, and horse- 
power of development. 

It is not expected that this table will cover all cases, but 
it will give approximate figures for ordinary conditions, and 
is useful in making rough preliminary estimates. 


Extra Length of Time Which Steam Plant Must Run on Account 
of Diversion. 


64. If the power of the stream is worked out before and after 
diversion, it will probably be found that the auxiliary power 
plant must be run for a longer time after the diversion. 

65. This would be shown in full months in the tables showing 
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TABLE OF ESTIMATED COSTS PER HORSE-POWER OF WATER 
POWER PLANTS 
HavinG HonizontaL TURBINES, STEEL PENSTOCKS, AND WALLED TAILRACES 
DAM AND BUILDINGS NOT INCLUDED 


10-ft. fall fall. 20-ft. fall 


1) feet $55 
200 
> 


700 H.-P... 


eer 
Bit 


t 
‘ 


zz 


HP 


200 H.-P... 


100 H.-P... 


Note: ‘‘L’—Distance from Feeder Head to end of Tailrace. Cost of Canal, if any, not included 


SO 
| a0 ft. fall 4)-ft. fall 
$29.37 $19.40 $14.59 
is 21.70 16.38 
iN) 30 24.01 18.17 
30.7% 32 OF 
1s 13.23 28 21.74 
65.35 11.4) 10.56 14.7% 
72.08 15.58 21.85 1.60 
H.-P.. S50 | | 241 20.22 
wo * 05.48 41.10 2.65 19.68 14.1% 
72.2 568 33.12 1.78 
92.43 43.52 28 22.14 
65.72 41.19 29.87 19.90 15.12 
200 72.48 45.75 33.35 22.19 1.03 
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* 4 3.40 22.34 
Ho 76 “4d 17.42 24.54 
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wo | 86 46 27.16 4) 88 
6016 44.54 20.48 66 
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500 93.78 60.50 14.53 23.25 
600 | 100.65 65.13 18.033 25.08 
100 66 87 42.67 31.09 21.49 16.50 
a0 * 73.70 17.30 23.83 18.33 
400 87.33 41.54 28.53 22.00 
94.17 61.18 15.14 3088 
‘| 101.00 65.78 18.51 25.67 
fi 100 68.50 44.22 32.45 22 61 17.60 
75.35 is S84 35.97 24.07 10.4; 
300 82.25 53.45 40.004 27.33 21.34 
) 80.10 58.10 43.56 70 23.21 
96 00 62.70 47.08 32.06 25.08 
|| 102.85 67.35 50.60 34.43 26.95 
71.39 405.04 4.76 24.75 10.80 
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the power before and after diversion, but it would not show 
fractions of a month. 

66. The method of aseertaining the extra length of time is 
shown in Fig. 4. The ordinates show horse-power which 
the whole stream can produce and the abscisse the number of 
working days. By plotting the horse-power which can be devel- 
oped before and after diversion and drawing diagonal lines from 
month to month, the extra number of days when the auxiliary 
plant must run is shown where the diagonal lines cross the 
horizontal line of wheel development. 


Steam or Other Power Plant to be Used in Making Good Power 
Diverted., 


67. In order to determine the damage it is necessary to esti- 
mate the cost of replacing the power taken away, not necessarily 
by the auxiliary plant already existing at the mill, for such a 
plant may be an extremely uneconomical one, and the mill which 


had the poorest plant would get the most damages, but by a fairly 


economical plant oo} the size and characti r such as thre business 
under consideration would naturally use. Unless this method 
is pursued with a series of mills, the one which had put itself 
into the best shape would receive a smaller amount of damage 
than its neighbor where things were in bad shape. 

68. It is improbable that a concern would go on putting in each 
time it renews its plant an uneconomical plant, and it is highly 
probable that the low grade engine will be improved in efficiency. 

As the damages are figured forever, it will add very little 
to the damages for the comparatively short time which the uneco- 
nomical plant will be obliged to run. 


Privileges with No Auxiliary Plant. 


69. The basis on which the damages should be estimated in 
these cases where there is no auxiliary power plant is the same as 
for any other. The mere chance that an owner can manage in 
some way to run his business in accordance with the fluctuating 
flow of the stream, does not entitle him to any greater damage 
than his neighbor, who is fitted up to run continuously. A small 
amount of power diverted will not make the conditions enough 
worse in most cases to roquire the addition of a supplementary 
plant for that reason alone. An allowance, however, should be 
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made in estimating the damages in such eases for such portion 
of a steam plant as would ordinarily be installed to produce a 


YEAR OF 3080 HOURS, IN SIMPLE CONDENSING ENGINES OF CAPACITY GIVEN, 
WITH COAL AT $3.00, $4.00 AND $5.00 PER LONG TON 
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uniform power as is equal to the power diverted in the dry month, 


and the running expenses should be estimated on a plant of full 
size and not on a very small plant, 
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70. The proper method of aseertaining the damages to a plant 
of this sort is to find the difference in value before and after 
diversion, and this is obtained by finding the cost of producing 
a uniform power before and after diversion. 


Allowance for Permanent Power Diverted. 


71. If any power is diverted which can be depended upon all the 
time, an allowance should be made for this. If the diversion 
is comparatively small] the fixed charges should be allowed on 
the cost of a portion of the large plant equivalent to the amount 
of power diverted. Thus, supposing 5 horse power is diverted in 
the dry month, and the cost of the steam plant is $60 per horse- 
power. 5 X $60 E300. S300 12 836. This capitalized 
at 5% $720. 

If this allowance is made the owner may increase the capacity 
of his plant by 5 horse-power when he renews it, and will have 
been recompensed for this expense, 

If the interest charges are not included in the fixed charges, 
the eost of plant, $300, should be added to thi capitalized sum. 

If the diversion is a comparatively large amount, it may be 
necessary to remodel and inerease the existine steam plant, or to 
put ina new one. Allowance should be made in the same way 
for this. 


Cost of NSleam Power. 


72. The cost of steam power u ually has an important bearing 


pon the settlement of damages. Thi accompanving Figs, 3, 6 
and 7 have been prepared, which show thi vearly cost of producing 
steam power under various conditions and cost of coal when run- 
ning ten hours a day and six days a week with a fairly steady 
load. They are intended to show the expense of running under 
everyday conditions on sueh a plant as a prudent man would install 
ind run with ordinary skill. 

The cost of 24-hour power for 365 days a year is about 2.2 
times the cost for 10-hour power for 308 days. 

The cost of 24-hour variable load cannot be stated without know- 
ng all the conditions. 


Coal Consumption Used In Estimating Damages. 
73. The coal consumption used in estimating damages when the 
power diverted must be made wood und Pie vars ing load contingent 
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upon the fluctuation of the water power, should be somewhat larger 
than the coal consumption for a fairly steady load. I have usually 
added about 20 per cent. to the coal consumption required for a 
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CITY GIVEN, WITH COAL AT $3.00, $4.00 AND $5.00 PER LONG TON. 
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steady load. The fluctuation of the water power will usually not 
be great for a single day, but the variation covers longer periods, 
as weeks or months. 
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Effect of Use of Steam for Other Purposes. 


74. In many textile and other mills low-pressure steam and hot 
water can be used in the manufacturing processes, and for warm- 
ing the buildings. The amount varies largely, in some eases 
being more than the equivalent amount of steam exhausted from 
an engine large enough to run the work, or to the amount of water 
required for condensing for an engine of the same size. Rarely 
ever in a textile mill would the amount fall below 20 per cent. of 
the total heat rejected by the engine. This has the effect of redue- 
ing the value of water power for such mills, and has the effeet 
of reducing the damages as figured on straight power conditions. 

75. It is never attempted, however, to estimate this effect in 
suits for damages. It should be considered in estimating values, 
and it has its effect upon the selling value of water powers, mak- 
ing them of less value for industries having use for low-pressure 
steam and warm water. 

76. All of the varying conditions of different industries have 
an effect of producing a sort of average selling value for water 
powers, but each case requires examination and estimates of its 
own. 
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No. 1058,* 
THE FORCING CAPACITY OF FIRE TUBE BOILERS. 


BY F. W. DEAN, BOSTON, MASS. 


(Member of the Society.) 


1. There is a widespread impression among many persons in 
terested in boilers that the fire tube tv pe of boiler has less capacity, 
to be worked above its rated power than boilers of the water tube 
tvpe and that it is necessary to provide such boilers with more 
heating surface per horse-power than water tube boilers require. 
It is pointed out that for many vears it has been customary to 
base the horse-power of horizontal return tubular boilers upon 15 
square fect of heating surface per horse-power, although at pres- 
ent some makers of this boiler venture to base it upon 12 square 
feet. 

2. It is important to remember that the rating of 15 square 
feet was in use long before this Society established the meaning 
and measure of a boiler horse-power, and by persons who probably 
knew very little about boiler performance and the capacity of 
heating surface to absorb heat. It probably had been found at 
some time, that, with the prevailing type of engine in use it wa- 
always safe to provide boiler power upon this basis. It had not 
been customary to make boiler tests at that time as frequently as 
now, and no exact knowledge of boiler performance existed, or, 
if it did, it was confined to comparatively few persons. 

3. The introduction of water tube boilers had caused mor 
intelligent study of boiler phenomena, and there are now asso 
ciated with the builders of this type of boiler many of the bright 
est men and most energetic salesmen. 

4. It is the object of this paper to show that the prevailing 
opinion upon the relative foreing capabilities of the two types of 
boiler is incorrect, and in support of this claim IT shall give pai 


* Presented at the New York meeting (December, 1904) of the Amerie: 
Society of Mechanical Engineers, and forming part of Volume XXVI. of t! 
Transactions. 
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ticulars of several boiler tests upon different kinds of fire tube 
boilers, some made by others and some by myself. 

5. Before proceeding with the details, however, I will briefly 
mention the reasons given for the alleged superiority of the water 
tube boiler in the respect under consideration. It may also be 
well to state what is meant by ability to stand forcing. In a 
general way this ability is the capacity to evaporate much more 
water than the rated power of the boiler would require. This 
amount is often 20, 50, or even 100 per cent. in excess of the 
rated requiremeats, and depends upon the amount of fuel con 
sumed in a unit of time. This in turn depends chiefly upon the 
draft in the fire box and the freedom with which air ean pass 
through the grate or stoker and through the fuel itself. 

6. Ai alieged reason for the superiority is that the water tube 
boiler contains less water than the fire tube boiler, by Which is 
meant, T suppose, that it contains less water in proportion to the 
heating surface. I have been able to ascertain the amount of 
water contained by a few water tube boilers, and have computed 
that contained hy several tire tube boilers, drawings of which I 
have. The results are as follows: 


Horizontal Water Tube boiler Al... ers of heating 


Vertical 
Semi-vertical 


10 in. hor. 


Manning vertical 


{orliss 


Some vertical boilers of my own design contain more water 
han the Corliss. 

7. An inspection of this table as far as it goes shows that water 
ube boilers generally contain more water than horizontal fire tube 
jilers. It appears from this that whatever advantage acerues 
‘om small water contents lies with the horizontal return tubular 
‘iler. The vertical water tube boiler, as well as some designs of 
re tube boilers, contains more water than horizontal boilers. 

8. The comparison of horizontal boilers reveals conditions that 


— 


94 THE FORCING CAPACITY OF FIRE TUBE BOILERS. 


should not be surprising, for water tube boilers are made up of 


drums, headers and tubes, all of which contain considerable water, 
while the horizontal return tubular boiler has most of its water 
space tilled with tubes, especially when there is no manhole in 
the front head below the tubes. 

%. A little consideration, however, will show that the quantity 
of water contained by a boiler has no effect upon forcing capacity 
after steam is onee up to the working pressure. The reason for 
this is that heat added cannot raise the temperature of the water, 
and ean, therefore, only increase the quantity of steam formed 
and increase the quantity and temperature of the escaping gases. 
It therefore appears that both types of boiler have equal merits 
in this respect. 

10. Another claim is that as the flame enters among the tubes 
of water tube boilers the evaporation is foreed more than if it 
did not reach them. As flame is combustion in process, and is 
likely to be prematurely terminated by contact with the relatively 
cold surfaces of the tubes, it is apparent that it is disadvantageous 
to have the flame pass among the tubes. 

11. Another claim is that the hot gases impinge against water 
tubes and therefore give up more heat than they would if they 
passed parallel to them. The fallacy of this argument is apparent 
when it is remembered that gases give up heat because their tem- 
perature is higher than that of the heat receiving medium, and 
not because they are thrown against this medium. Moreover, 
some kinds of water tube boiler compel the gases to move parallel 
to the tubes, and this feature is held to be highly advantageous 
by interested persons. Incidentally it will be found disadvan- 
tageons to project boiler gases against the outsides of tubes, for 
examination shows that it eauses wedge shaped accumulations of 
soot at the very part of the tubes where the greatest reception 
of heat was expected, thus rendering this part the least effective 
of any. 

12. I believe it is also claimed that there is less reduction of 
draft between the smoke flue and the fire box in water tube than 
in fire tube boilers on account of larger spaces between the tubes 
of the former than through the tubes of the latter. Whether 
this is true or not I cannot say in general, but in cases where | 
have determined it the results are inconsistent and contradictory. 
I have found, however, that the vertical fire tube boiler requires 
the least draft for burning coal at a given rate. This, I think, 
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is due to the path of the air being at right angles to the fuel and 
therefore shorter and less impeded by the fuel than with hori- 
zontal boilers, in which the path of the air is diagonally through 
the fire. In this connection, observe the slight draft found in 
some cases farther on. 


Horizontal Return Tubular Boilers at the Atlantic Mills, Law- 
rence, Mass. 


Referring to the results of trials, there were in 1894, at the 
Atlantie Mills, Lawrence, Mass., several horizontal return tubular 
boilers 24 vears old containing their original tubes, and which 
had never been cleaned on their water sides. The following are 
the general dimensions of each boiler: 


60 


Length of tubes 

Number of tubes 

Heating surface, fire sides 
Grate area, Ist test, 21.77 sq. ft 


I tested one of these boilers on November 22, and again on 
December 18, 1894, with the following general results: 


Ist Test. 2nd Test. 
Duration 10 hours. 10.18 hours. 
Kind of coal Georges Creek Cumberland. 
Calorifie value of coal by analysis............13,916 B. t. u. 14,360 B. t. u. 
Steam pressure, average 84.03 Ib. 84.7 Ib. 
Foree of draft in smoke box 0.21 in. 0.25 in. 
lemperature of feed water 67 degrees 55 degrees 
“ escaping gases 373 degrees 389 degrees 
Dry coal consumed including wood equivalent . 4,576 Ib. 4,746 Ib. 
otal water evaporated from and at 212 degrees47 863 5O,S41 
Water evaporated per pound of dry coal from 
Vater evaporated per pound of combustible 
from and at 212 degrees 
ymmereial horse-power 
lorse-power per square foot of grate ). 37 
‘leating surface per horse-power 8.00 sq. ft. 
Ury coal burned per square foot of grate surface 
per hour 
Dry coal burned per square foot of heating sur- 
face per hour 
‘ater evaporated per square foot of heating 
surface per hour, from and at 212 degrees. . 
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Tt will be observed from these results that a horse-power was 
obtained from 8 and 7 


“7 square feet of heating surface, that 6.37 
and 6.73 horse-power were obtained from each square foot of 
grate, that 0.41 pounds and 0.42 pounds of coal were consumed 
per square foot of heating surface per hour, and that these results 
were obtained with not over } inch of draft. These results are 
quite remarkable, especially as the economy was not very inferior, 
and especially considering the age of the boiler, 


Horizontal Return Tubular Boilers at S&S. D. Warren && Com 
panys Pape Mill. 


At the paper mill of S. DL Warren & Company, Cumberland 
Mills, Maine, there are six 90-inch horizontal return tubular boil 
ers, each containing 4,027 square feet of heating surface. When 
the first four were put in two of them were equipped with Babeock 
& Wilcox chain grates and two with second-hand shaking grates 
for temporary use. 


The general dimensions are as follows: 


Diameter of shell....... 90 in. 


Length of tubes 


Number of tubes ... 


20 ft. 


258 


Grate area with chain grate stoker 


I tested one of the hand fired boilers on April 4, and one with 
the stoker on April 5, 1900, with the following general results: 


Hand Stoker. 
Kind of coal Georges Creek Cumberland. 
Calorifie value of coal snalysi 13,961 B. 
Average steam pressure 92.1 Ib. 4 lb. 
Force of draft in smoke box 0.90 in. 0.91 in. 
Temperature of feed water 85.5 degrees 85.5 degrees 
se * escaping gases 569 degrees 645 degrees 
Dry coal consumed 19,522 Ib. 20,351 Ib. 
8.72% 
grees Ib. 223 983 Ib. 
Water evaporated per pound of dry coal from 
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Hand. Stoker 


Water evaporated per pound of combustible 


from and at 212 degrees .............. 11.53 lb. 12.06 lb. 
Commercial horse-power 630 h. p. 742 h. p. 
Horse-power per square foot of grate... ; 12.92 12.00 
Heating surface per horse-power........ - 6.39 sq. ft. 5.43 sq. ft. 


Dry coal burned per square foot of grate per 


Water evaporate per square foot of heating 
surface per hour from and at 212 degrees. 5.36 


The rate of combustion, the temperature of the escaping gases, 
the small heating surface per horse-power, the amount of coal 
burned and the horse power developed per square foot of rrate, 
and the amount of coal burned and water evaporated per square 
foot of heating surface are truly remarkable and are seldom 
equalled. They show that this type of boiler is as well suited to 
foreing as any, and leave nothing to be desired. 


The water used 
was determined for each hour, and during one hour the horse- 
power of one boiler was 794, and with the other 793, or about 
five square feet of heating surface per horse-power. It should 
he noticed also that the temperatures of the escaping gases are 
remarkably low considering the quantity of coal burned per square 
foot of heating surface. The maximum flue temperature was on 
the hand fired test 630 degrees and on the stoker test T00 degrees. 


Manning Ve rtical Boil Pr at the Bristol Manufacturing 
Companys. 


Qn Mareh 1, 1894, Professor J. E. Denton tested a Manning 
ertieal fire tube boiler at the mill of the Bristol Mannfacturing 
Company, New Bedford, Mass. The dimensions and general re- 
ults follow: 


meter of fire box 


iter heating surface 
sSuperheating surface 
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General Results of Test. 


.9.91 hours. 
Pocahontas. 
14,675 B. 
\verage steam pressure 22.2 ih. 
Temperature of feed water 38.1 degrees 
“escaping gases 531.4 degrees 
Dry coal consumed 6,460 Ib. 
Per cent. of refuse in ash pit 9.6: 
Water ev aporated per hour from and at 212 degrees. ........... 6,679 


ac 


per pound of dry coal from and at 212 degrees 10. 


combustible from and at 212 
degrees 
Commercial horse-power 
Horse-power per square foot of grate ... 
Water heating surface per horse-power 
Dry co: 7" burned 0 are foot of grate per hour 
‘water heating surface per hour .. 
Water evaporated per square foot of water heating surface per 


hour from and at 212 degrees 


This is not extreme forcing, but the results are quite surpris- 
ing. For instance, the submerged length of the tubes was about 
11 feet, and the evaporation was at the high rate of 4.83 pounds 
of water from and at 212 degrees, per square foot of water heat 
ing surface. The evaporation per pound of combustible was at 
the unusual rate of 12 pounds from and at 212 degrees. This 
shows that vertical tubes are efficient absorbers of heat. 


Manning Boilers at the Burgess Sulphite Fibre Company's. 


Two remarkable tests of Manning boilers which were equippe:! 
with Roney stokers were made at the mill of the Burgess Su! 
phite Fibre Co., Berlin, N. H., and of these one in which a draf! 
of 1.28 inches of water was used is unique. The general pai 
ticulars are given below: 


Diameter of tubes 

Number of tubes 

Length of tubes 

Water heating surface 
Superheating surface 

Inclined grate area of Roney stoker 
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“ 
194 h. p. 
6.62 
7.13 sq. ft 
23 Ib. 
0.47 “ 
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Results of Tests. 


Date 


April 15, 1898. April 26, 1908. , 
\verage steam pressure, 107.9 Ib. 107.6 Ib 
0.50 in. 1.28 in. 
lemperature of feed water. .......... 39.0 degrees 39.6 degrees 
Percent. of COs in gases 11.0°; 8.34 
Dry coal consumed .............. Ib 47 S66 Ib. 

Percent. of RAN 9.7% 7.29 
Water evaporated per hour from and at 212 

\\ iter evaporated per pound of dry coal from 

and at 212 degrees. .................. 10.81 “ 9.72 
Water evaporated per pound of combustible 

from and at 212 degrees .......... ats 11.98 “ 10.48 
Rating Of DOUG. 250 h. p. 250 h. p. 


125! 
Horse-power per square foot of grate ....... 6.25 h. p. 10.81 h. p. 
Water heating surface per horse-power .. .. 7.37 sq. ft. 4.44 sq. ft 


Dry coal burned per square foot of grate per 


coal burned per square foot of water heat- 
er evaporated per square foot of water 

heating surface per hour from and at 212 


‘results of the test of April 15 are about the same as for 
test at the Bristol Manufacturing Company’s, but that on 
Ajril 26 is phenomenal. The economy is not good, but this is 
ently due to the firing, as the CO, in the flue gases was low. 
ether the firing eould have been better, or whether the poor 
bustion was due to inexperience when forcing, I do not know. 
result 4.44 square feet of water heating surface per horse- 


power is extremely small, and the coal consumption per square 
foot of grate, the coal burned per square foot of heating surface, 
the water evaporated per square foot of heating surface are 
reuarkably large. The percentage of power above the rating is 
no less noticeable. The temperature of the gases is low consider- 
ing the eoal consumed, although it would no doubt have been 
higher if the combustion had been better. 


‘ e-] er 
20.81 Ib 38.34 Ib. 

Dry 
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The Manning boiler has a very small water surface, and the 
ebullition during this test must have been tremendous. Never- 
theless the steam left the boiler superheated 50 degrees, that is to 
say, if moisture was in the steam as it eseaped from the water 
surface, it was, by contact with the tubes, evaporated and super- 
heated. 


Corliss Vertical Boiler at the Varragans tt Mills. 


On November 16 and 17, 1894, IT made tests of Corliss vertical 
boilers at the Narragansett Mills, Fall River, Mass., with the re 
sults given below: 


General Dimensions. 


Diameter of shell... 

Diameter of fire box 

Height of fire box .... 

Number of tubes 

Diameter of tubes 

Length of tubes ... 

Grate surface 

Water heating surface 

Superheating surface 


Results of the Tests. 


November 16, November 
Duration 10.87 hours. 6.06 hours. 
Kind of coal Pocahontas 
Calorific value of coal by analysis 15,036 B. tou. 
Average steam pressure 5.93 Ib. 114.55 |b. 
Force of draft in smoke box .16in. 0.19in. 
Temperature of feed water > degrees 
escaping gases ! 
Superheat 
Dry coal consumed 
Per cent. of refuse in ash pit 
Water evaporated per hour from and at 212 
degrees 
Water evaporated per pound of dry coal from 
Water evaporated per pound of combustible 
from and at 212 degrees 
Commercial horse-power rated 
on test 
Excess of horse-power above rating 
Horse-power per square foot of grate 6.41 h. p 


St in. 
78} aa 
26S 
2i in. 
13 ft. 
33.4 sq. ft. 
1492 
SAA 
3 
j N 
i 
| 
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Date. 


November 16 November 14 


Water heating surface per horse-power ..... 7.28 sq. ft. 6.97 sq. ft. 
Dry coal burned per square foot of grate per 

Dry coal burned per square foot of water 

heating surface per hour.............. 0.45 “ 0.43 “ 
Water evaporated per square foot of water 

heating surface per hour from and at 212 


degrees 


Gunhoat Both rat th: Washington Mills, Lawre NCE, Mass. 


This is a type of horizontal fire tube boiler that in the Navy is 
called the Gunboat type. It consists of two evlindrieal furnaces 
joining a combustion chamber, from which tubes pass to a smoke 
box at the farther end. There are four of these boilers at the 
Washington Mills. Two of them were tested simultaneously by 
ne and the general results are given below as applied to one: 


Diameter of boiler 


Number “ 570 
Heating surface, fire sides ........... 5,300 sq. ft. 


Crate 


area 


December 2 


Duration 


\verage steam pressure ................ 
Force of draft in emoke box 0.875 in. 

otal water evaporated from and at 212 degrees. ............ 247,173 lb. 
\\ ater evaporated per pound of dry coal from and at 212 degrees 11.23 * 
\\ ater evaporated per pound of combustible from and at 212 

liorse-power per square foot of grate ..................00000. 10.38 “ 
lioating surface per horse-power. 8.51 sq. ft. 
coal burned per square foot grate per 31.66 Ib. 

heating surface per hour .... 0.3% 

Wa 


ter evaporated per square foot of heating surface per hour 
from and at 212 degrees 


Results of Test. 

Date 
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This is an instance of a high rate of combustion, and fairly 
high rate of evaporation per square foot of heating surface. 
These boilers were designed with a large heating surface in pro 
portion to the grate surface (88 to 1), and the rate of evaporation 
was correspondingly low. 


Boilers of Locomotive 8. 


To pursue this subject a little farther, the greatest forcing in 
boiler performance is being performed constantly by the fire tube 
boilers of locomotives. It is common enough for a horse-power 
to be obtained from two square feet of heating surface, or even 
less, and the horse-power per square foot of grate may vary from 
20 to 40. In comparison with such performances, others are in- 
significant. 


Conclusion. 


In the data here presented, there are, I believe, ample reasons 
for believing that the fire tube type of boiler is fully equal to any 
demand that may be made upon it, and I am not aware of any 


evidence that the water tube type of boiler can surpass it in tli 
respect which forms the subject of this paper. 


DISCUSSION. 


Prof. Wm. Nent.—The widespread impression which Mr. Dea 
says exists to the effect that the fire tube type of boiler has le- 
capacity to be worked above its rated power than boilers of tli 
water tube type is one that does not exist among persons w! 
are well acquainted with both types as they are built  to-da 
Perhaps twenty-tive years or more ago that impression was jus! 
fied when fire tube boilers were built with tubes of small diamet: 
crowded closely together and gas passages were so badly desig: 
that they facilitated the passage of gas through some of the tuls 
to the neglect of others, and when some water tube boilers, 1 
no longer in the market, were built with large grate surface : 
small heating surface. The impression gained from the co 
parison of such boilers found its way into print and may he 
been perpetuated in print ever since, but it is no longer true a 
it is not the * prevailing opinion” among those who have give: 
some attention to the subject. 
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Mr. Dean gives the results of tests showing ratios of evapora- 


tion ranging from 4.30 to 7.76 pounds of water from and at 212 
degrees per hour per square foot of heating surface. These tig- 
ures are by no means extraordinary. 1 have obtained as high as 
7.94 pounds with the old-fashioned two flue boiler; 65 pounds 
with the old stvle water tube boiler at a ratio of heating to grate 
surface of 22 to 1 and discharge of gases into the chimney at 
about 900 degrees F, 

The Babcock & Wilcox boiler showed as high as 13.67 in a 
test made by the Navy Department Board of one of the boilers 
built for the United States Cruiser “ Cincinnati,” as shown in 
my book on * Steam Boiler Eeonomy,” page 400. The Naval 
Board that tested the Hohenstein Marine Boiler obtained with 
Pocahontas coal an evaporation as high as 14.15 pounds from and 
at 212 degrees per hour per square foot of heating surface and 
with oil fuel they obtained as high as 16.7 pounds, which I think 
is the highest figure on record, 

In fact almost any boiler can be driven at three times its nor- 
imal rating or three times as hard as it should be driven in order 
to obtain its maximum eCOnOnMLY, provided the facilities exist for 
burning a sufficient quantity of coal under it. 

The conditions under which a boiler can be forced depend, not 
on the boiler itself, but on something apart from the boiler 
considering the boiler to be an apparatus for absorbing heat and 
not for generating it. These conditions are: quality of coal, 
kind of grate, area of grate surface and volume of air supply. 
Given a free burning coal, shaking grates, large grate surface in 
proportion to the heating surface and foreed draft and almost 
any boiler can be driven at such a rate as to cause the gases of 
combustion to leave the boiler at a thousand degrees or upwards 
and thus show high capacity at the expense of economy. 

Prof. R. C. Carpenter.—The paper by Mr. Dean is one of 
no little interest from the fact that it collates a number of tests 
which are individually and collectively valuable. Mr. Dean 
states that there is a widespread impression among many persons 
that the fire-tube type of boiler has less capacity to be worked 
above its rated power than boilers of the water-tube type, and his 
tests are intended to show that such an impression is erroneous. 

I am inclined to believe that if such an impression exists it is 
erroneous, but IT have had the good fortune to be thrown in con- 
tact with a large number of persons interested in boilers, and I 
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have never found that such an impression was in existence. [do 
not wish to detract from the value of the paper by Mr. Dean, and 
I am very willing to admit that he has pounded his straw man 
very hard; but I really believe that the object of his paper should 
be changed, since, so far as my experience goes, the general im- 


pression held by interested people is that the fire-tube boilers are 
capable of being forced more than the water-tube. 

Prof. B.A. Mitchcock.—In our locomotive testing it has always 
been a surprise to me that such high capacity, as well as good 
economy, Was obtained from the locomotive boiler. For example, 
take these figures : 


Consolidation Freight. 
Heating surface 1880 1880) 
H. P. per sq. ft. heating surface eet 3.1 
Efficiency... 59. 63.6 65.5 


~ 


Passenger. 
Heating surface 1946 146 174 1974 
H. P. per sq. ft. heating surface 3.6 4. 3.9 
Efficiency 57. 50.8 63.4 58.2 


I have heard stated that the principal reason for the high 
steaming capacity of the locomotive was due to the fact of its con 
stant vibration, and that the same boiler used stationary under 
the same conditions as to draft, coal, ete.. would not give the 
same results. Does any member of the Society know this to be 
a fact? 

On page 100, under * Results of the Tests ” of a Corliss vertical 
boiler, Mr. Dean gives the ealoritic value of Pocahontas coal as 
13,952 British thermal units. Is not that an error? Many 
Mahler calorimeter determinations by Professor Lord of the Ohio 
State University show that coal to give about 15,000) British 
thermal units. 

Mr. A. H. Eldredge—The paper presented by Mr. Dean is 
one of interest and of great importance to the engineering pro- 
fession of the day. 

In determining the kind of boiler to be used there are many 
questions to be considered, among which are the following: 

1. The pressure to be carried. 

2. The size of boiler and thickness of shell. 

3. The probable time before the reduction of pressure by the 
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insurance companies will put the boiler out of Commission, or at 
least, out of range of economical usefulness. 

4. The forcing capacity of the boiler. 

5. The comparative safety of the different types of boilers. 

i. Reliability for continuous hard service. 

7. Size of the plant. 

These are all questions that the engineer dealing with plants 
from 500 to 5,000 horse-power or over must meet. Where should 
the fire tube boiler stop and the water tube begin? 

In dealing with some of the largest fire tube boiler companies 


during the past vear they have quoted prices based on 14 square 


feet of heating surface, and when in competition with the water 
tube builders they are willing to quote on 12 square feet. The 
writer has been unable to get the fire tube builders to guarantee 
either evaporation or repairs, but has found the water tube 
builders willing to do either. 

Referring to the 24 year old boiler of the Atlantic Mills, the 
writer would ask if this boiler was used 24 hours a day under the 
conditions stated. The burning of 21.4 pounds of coal per square 
foot of grate with 0.21-inch draft was an excellent performance. 
During the past summer the writer had one plant of 11 fire tube 
boilers averaging 150 horse-power each, and with 0.295-inch draft 
it was impossible to burn over 4; pounds of New River coal per 
square foot of grate as the average for 24 hours, the boilers being 
pushed for the 24 hours. 


forcing Capacity of Wat Tih RBoik ra. 


In 101, on a plant of nearly 5,000 horse-power of water tube 
boiler, the writer had 75 tests made to determine the comparative 
values of different western fuels. One boiler was fitted up with 
scales, tanks, pump, ete., for the work, and was handled exactly 
as the rest of the batterv. In only three tests, with the poorest 
coals, did the boiler simply reach rated horse-power, while in 
most tests it ran from 25 to 60 per cent. over capacity, and in a 
few cases ran over 85 percent. above rating. These boilers are 
now eight years old and have been pushed this way day and 
night with poor feed water, and are still carrying 150 pounds 
pressure, with every indication that they will continue to do so. 

Is there not a best place for each type of boiler? 

Mr. A. Bement.—The author performs a useful service in 
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directing attention to the injustice done the horizontal return 
tubular boiler by present methods of rating its capacity. This 
stvle of boiler is largely made in local shops and not by enter 


prising manufacturing companies. For this reason few people 


have presented arguments in its favor, or taken the trouble to 
ascertain its value, therefore, its more enterprising rival, the 
water tube boiler, has gone ahead of it, and secured a commer- 
cial advantage. 

The capacity produced by a boiler is dependent on two things: 
1. Quantity and disposition of heating surface. 2. Amount of 
heat supplied to it. The latter has much more influence than the 
former, because if a boiler is supplied with a large quantity of 
heat, it will produce a large capacity. Decreasing efticieney, of 
course, reduces the capacity, but at a very much lower rate than 
the increase due to increasing quantity of heat supplied, there- 
fore large capacity is more dependent on the fire than on the 
boiler. 

A number of years since on the Northern Railway of France, 
they divided a locomotive boiler into different portions, so that 
the evaporation taking place in each could be measured. One of 
these divisions was the firebox only, from which the evaporation 
was stated to be as high as 35 pounds per square foot of heating 
surface. It is probable that the foreing capacity of many boilers, 
including both fire and water tube types, is very often under- 
estimated. 

The limits of forcing are reached when the metal can no longer 
transmit the heat without damage, and when the boiler begins to 
discharge water with the steam; but as the ability of the metal 
to withstand heat is dependent on the presence of water in con- 
tact with it, it follows that the limit is governed by circulation 
and the ability of the boiler to make dry steam. In a number 
of cases I have found that this latter feature limited the horse 
power to a much lower quantity than would have been the case 
if the dry steaming capacity of the boilers had been in propor- 
tion to their circulating capacity. 

I do not think that the author’s figures indicate the limits of 
forcing capacity of fire tube boilers, and assuming circulating 
and dry steaming capacity the same for water tube as for fire 
tube boilers, I think each possesses the same capacity for output, 
but efficiency as well as capacity is of importance and it is my 
opinion that the efficiency of the average return tubular as now 


I 
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made, is higher than the majority of water tube boilers now in 
service, but not higher than that of the best water tube boilers, 
and in an endeavor to illustrate this feature, the figures in the 
following table are offered: 


Return B. & W. | 


Atlantic 
Tubniar, | 12 tubes | Heine me. Mills 


S.D. Warren. | high. Ist ‘Test 


Square feet of heating sur- | 8.0 
Temperature of eseaping 
guses above steam tem. - 6 ; | : 46 
perature..... 


Not given. 


The boilers designated as A. & DB. are those referred to in a 
paper presented by me on the present oceasion, boiler B having 
had the original travel of the gases changed, so that they flowed 
in contact with a much greater portion of the tube surface than 
formerly. From the above comparison, it would appear that the 
Warren boiler is not as efficient as the Heine B and not much 
different from the Babeock & Wileox but much better than the 
Heine A, The Atlantic Mills boiler, however, shows an efficiency 
at least as high as the Improved Heine B, if it can be assumed 
that the temperature of escaping gases as given is correct. Re- 
garding this there is some doubt in my mind, beeause it may be 
that the location of the measuring instrument was not such as to 
how the average temperature of the flowing gases, but if the 
tigure as given may be accepted, it appears that its temperature 
of escaping gases is considerably lower than with the Heine B, 
and its capacity is also larger; but on the other hand, it is prob- 
able that the condition of combustion was better, which would 
have an important effect. It may be that this Atlantie Mills 
boiler, owing to its proportions, had more of its surface acted on 
by the hot gases than with the Warren boiler, and it is not certain 
that the gases flow equally in contact with the tube surface of all 
tire tube boilers, and it is reasonable to expect that they do not, 


in view of their failure to do so to a serious extent with many 


water tube boilers. 

The foregoing remarks refer to the return tubular boiler as 
usually set, having the fire underneath, but if set with one end 
to the furnace, so that the heat does not act on the shell, but only 
on one end, and the tube surface, its capacity will be limited by 


CO, . 14.35 11.1 17.2 10.7 10.3 
t 
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the durability of the joint of the tube ends with the head, on 
account of the effect‘of high temperature on these joints, causing 
leakage. Similar limit to capacity oceurs with water tube boilers 
having the lower row of tubes exposed for their full length to the 
heat of the furnace, especially in those cases where the tube sur- 
face above the bottom row is removed from the direct effect of the 
tire by tiling. 

As far as circulation, or, in other words, water supply to the 
heating surface and dura‘ility of the heating surface is concerned, 
it is probable that the retarn tubular boiler has a greater forcing 
capacity than have the majority of water tube boilers, but not 
greater than possible with a well designed one. 

Mr. James Abercrombie.—Par. 5. Detinition of Forcing 
Capacity. 

| fear comparisons made on the basis of the detinition given 
may be misleading because there is no universally accepted rule 
for measurement of heating surface, or for rating any given type 
of boiler; and the practice of makers in these matters no doubt 
varies according to individual views. Some of the vagueness 
Which necessarily surrounds any such comparison might be re- 
moved, [| think, if statements of rating were required to include 
statements of the assumed rate of evaporation per square foot of 
heating surface, of the method of measurement (whether fire 
surfaces or water surfaces) and also of the capacity per unit area 
of Hoor space, 

| believe Mr. Dean is conservative in his contention that the 
horizontal tubular boiler is at least equal to the water tube in its 
capacity per square foot of heating surface, and nothing would 
please me better than to have him show a similar equality, or a 
superiority, in capacity referred to floor space oceupied. 

I have not studied this aspect of the matter closely enough to 
justify positive general statements, and not at all in connection 
with boilers 90 inches in diameter; but a comparison of severa! 
types of water tube boilers with 68-inch horizontal return tubular 
boilers for conditions requiring economy of tloor space did not 
deter me from selecting the latter for new installations. 

In this connection it is worth noting that the spaces required 
between the settings of water tube boilers for cleaning purposes 
operate to reduce the eapacity of these boilers per unit area of 
floor space. 

Pars. 6 to 9 In making comparisons of various boilers a few 
vears ago, I found the following water capacities: 


| 
| 
| 
| 
| 
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Horizontal water tube, from 8.4 to 10.6 lb. per sq. ft. of heating surface. 
Horizontal return tubular 9.3 13.4 


The figures for the water tube boilers were furnished by the 
makers; the others were estimated. The largest horizontal tub- 
ular boiler considered was 72 inches diameter with 9.5 |b., and 
a 64-inch and 68-inch boiler of somewhat unusual proportions 
with 13.4 and 13 pounds respectively are included. 

The amount of variation shown in these figures for the hori- 
zontal tubular boilers might be expected. The addition of tubes 
to a water tube boiler adds both to heating surface and water 
capacity and will not affect the ratio much; but the addition of 
tubes to a horizontal return tubular boiler adds to the heating 
surface and fakes from the water capacity. The height of water 
line also may affect the ratio considerably. In view of what these 
tigures show I think Mr. Dean should rely rather on his argument 
in paragraph 9, showing that quantity of water is of minor im- 
portance so far as forcing capacity is concerned, than on his sta- 
tistics, to prove this part of his case. Other things being equal, 
I would give preference to the boiler containing the larger quan- 
titv of water, and therefore I believe that a horizontal tubular 
hoiler containing the largest practicable number of tubes is not 
the best representative of its type. These boilers can have fewer 
tubes than are generally fitted, with little loss of capacity or 
efticieney. An extreme case will illustrate this. I have found 
by trial that the stopping of 60 out of 136 tubes in a 72-inch 
boiler, while using the same kind and quantity of coal per hour, 
reduced the capacity 12 per cent. and the evaporation per pound 
of coal 13.4 per cent. only, although the total heating surface was 
% per cent., and the tube surface 44 per cent. In the 
test with all tubes in use the rate of evaporation worked out at 


redueed 


2.95 pounds, and with 60 tubes stopped 4.18 pounds per square 
foot of heating surface per hour. Note that these two rates of 
evaporation were obtained with the same fire conditions, the in- 
crease being due simply to cutting out a considerable amount of 
comparatively inefficient heating surface. This leads me to think 
that if it is desired, in connection with the subject of forcing 
capacity, to consider the possibility of injury to boilers, the rate 
of evaporation per square foot of heating surface should be 
ignored, and attention given only to the intensity and local effect 
of combustion. 
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Par. 10 and 11. I ean see nothing wrong in the criticism of 
the claims referred to as it stands, but I think this criticism nat- 
urally ealls attention to the possibility, in horizontal return tub- 
ular boilers, of having so much tube area that the gases select 
the upper rows of tubes and are comparatively sluggish in the 
lower ones so that these latter may be no more efficient than the 
water tubes subject to the conditions criticised. 

An advantage incidental to the use of fewer tubes than usual is 
that it permits of a lower water line, giving a larger area for re 
leasing steam, and a slower drop of water line when steaming 
hard, although it may reduce slightly the shell heating surface. 
These points have some relation, perhaps an important one, to 
forcing capacity. 

Experience with locomotive and marine boilers would seem to 
show that considerable advance may be made in forcing station- 
ary boilers bevond what is average practice without incurring risk 
of injury to boilers which are well cared for. 

In the ease of boilers using small anthracite fuel, the limit of 
forcing will usually be set by the grate area, and this may apply 
to other fuels of low heating power. 

Where good bituminous coal is used the limit may sfi// be set 
by grate area, but in some cases within that limit priming may 
be set up, and also proper regulation of the water level may be 
difficult. 

I heartily agree with Mr. Dean’s coneluding statement, and as 
having some bearing on this whole subject I offer the following 
brief description of two almost identical plants designed about 
three vears ago, the basis of the design being the belief that hori- 
zontal return tubular boilers could be arranged to give as much 
capacity per sqare foot of boiler room floor oceupied, as water tube 
boilers could give, and also that aside from equal eapacity there 
would be at least equal eeonomy of evaporation, and supertor 
economy in the matter of cleaning and repairs. 

In arranging these plants it was endeavored by the liberal use 
of economizers to confine the work of the boilers as much as pos- 
sible to evaporating, imposing on them as little heating as possible, 
thus securing a high rate of evaporation per square foot of heat- 
ing surface with a comparatively moderate rate of transmission 
of heat through the plates. 

Fach plant is made up of 5 units, and each unit consists of two 
horizontal return tubular boilers, and one Green fuel economizer. 
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Each boiler is 68 inches diameter by 16 feet 114 inches long, and 
has 86 3-ineh tubes. The economizer has 240 pipes. The two 


boilers are suspended over one fire, the grate being 6 feet deep 


and 12 feet wide, and they deliver gases into a common uptake. 
The economizer is set immediately over the firing floor. It is in 
two sections, set side by side. One seetion which is 6 pipes wide 
receives the gases through a short uptake. The gases pass for- 
ward through this wide section and return through another sec- 
tion whieh is 4 pipes wide, and then pass through a short connec- 
tion to a main flue above the boilers, leading to induced draught 
fans. The setting walls are built with 10-inch spaces between, 
and through these spaces the warmed air above the boilers is 
drawn down to the grates, the ashpit doors being kept closed. 

The boilers were intended to evaporate, if required, D pounds 
of water per square foot of boiler heating surface and have done 
more at times, althongh the usual requirements do not demand 
quite that rate of evaporation. The usual fuel is Wyoming Rice 
coal (No. Buekwheat). With bituminous coal the designed 
evaporation is easy, while with the Rice it is probably near the 
comfortable limit for steady general work, although it has been 
considerably exceeded on individual units. 

A few tests were made with the object of roughly comparing the 
performance of a 72-inch horizontal tubular boiler having 136 
S-inech tubes, and without an economizer, with that of one unit 
(two boilers:and one economizer) of the new plant. Rice coal 
and also bituminous coal were used. With Rice coal the apparent 
actual evaporation per square foot of heating surface was 1.16 
pounds in the 72-inch boiler and 5.19 pounds in the new unit 
(boiler surface only). The evaporation at and from 212 degrees 
was 8.44 pounds and 9.31 pounds respectively. 

In the case of the 72-inch boiler, the water was fed at 127.5 
degrees and the gases left at 487 degrees. In the case of the new 
unit the water entered the economizer at 162.5 degrees and the 
boilers at 292 degrees; and the gases left the boilers at 535 de- 
grees, and left the economizer at 279 degrees. 

With bituminous coal the apparent actual evaporation per 
square foot of heating surface was 2.15 pounds in the 72-inch 
boiler, and 6.36 pounds in the new unit (boiler surface only). 
The evaporation from and at 212 degrees was 10.3 pounds and 
11.3 pounds respectively. In the case of the 72-inch boiler the 
water was fed at 126.3 degrees, and the gases left at 478 degrees. 
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In the case of the new unit the water entered the economizer at 
155.4 degrees, and the boilers at 256 degrees; and gases left the 
boilers at 582 degrees, and left the economizer at 269 degrees. 

Thus, at a rate of evaporation per square foot of heating sur 
face (boilers only) per hour of 2.6 to Lin the ease of Rice coal, 
and nearly 3 to Lin the ease of bituminous coal the new unit 
showed a greater evaporation per pound of coal to the extent of 
about 9.6 per cent. The pressure in the case of the 72-inch boiler 
was about 85 pounds and in the ease of the new unit about 95 
pounds. The coal supplied to both outfits was from the same lot 
in each case. 

Assuming the figures to be accurate as they stand, without cor- 
rection for moisture in coal or in steam, it would appear that the 
economy of the boilers alone in the new unit is only a trifle in- 
ferior to that of the 72-inch boiler at its low rating, the heat 
added by the economizer being nearly all clear gain. 

To give another illustration of the capacity of these new units, 
1 may state that 4 out of 5 in one battery using Rice coal have 
quite comfortably supplied steam for 2,455 horse power of com- 
pound Corliss condensing engines, 96 horse-power simple Corliss 
engine, about 55 horse-power of small slide valve engines, and 
about 35 horse-power of duplex pumps. 


Also these 5 units are doing the work which was previously 


done by ten 66-inch by 16 feet horizontal tubular boilers, and six 
horizontal water tube boilers rated at 208 horse-power each, with 
two detached economizers of 320 pipes each, and doing it more 
easily and economically and on less than half the floor space, al- 
though with 10 feet higher roof. Length of floor covered is 75 
feet. 

While on this subject, it occurs to me to suggest that shell sur- 
face being evidently the best part of the heating surface in a 
tubular boiler, a very good combination might be such as I have 
deseribed with a Cornish or Lancashire boiler substituted for the 
multitubular. I think with that arrangement a very high rate of 
evaporation per square foot of heating surface would be obtain- 
able without improper forcing. 

Mr. F. W. Dean.*—I have read with interest the diseussions 
of my paper, and am gratified to see that there is general agree- 
ment with my claim as to the forcing capacity of fire tube boilers. 


* Author’s Closure, under the Rules, 


| 
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In regard to Professor Carpenter's claim that I have erected a 
straw man to pound, | have obtained my ideas on the subjeet from 
hearing the comments of many men, and | believe that it is ecm- 
monly stated by the agents of water tube boilers that they will 
permit forcing to a greater extent than tire tube boilers. Pro 
fessor Kent states that he thinks that this idea once existed but 
does no longer. | hope that that is true. 

In Mr. Kent’s diseussion he states that any boiler ean be foreed 
to any extent if sufficient coal is burned, and that I state at the 
end of paragraph 5 in my paper. 

Mr. Bement gives some temperatures of escaping gases above 
the temperatures of the steam, and draws some conclusions with 
reference thereto. In the case of the Warren boilers, the brick- 
work was in excellent condition, and the temperatures given are 
probably more nearly correct than occurs in tests of many boilers. 
In the case of water tube boilers, there are so many cleaning doors 
and large doors at the ends that there is likely to be a much 
greater leakage of air into the fire, and thereby a greater reduc- 
tion of the temperature of escaping gases due to that cause than 
occurs in fire tube boilers, and [ should not be surprised if some 
of the temperatures that he gives are too low. We had strong 
evidence of this in the ease of some water tube boilers alongside 
of the Warren tubular boilers. While both kinds of boiler had 
the same grate and were tired by the same men, it was always 
found that the escaping gases from the water tube boilers had 
much more free oxvgen than the horizontal tubular boilers, and 


it was found impossible to stop the leaks around the cleaning and 


front doors sufficiently to equalize the boilers in this respect. If 
the joints around the cleaning door frames are cemented they 
vill very soon expand and contract sufticiently to push the brick- 
work still farther away so that the original condition again occurs. 

Professor Hitcheock asks if there is not an error in the calor- 
itie value of the Pocahontas coal, given in the results of the tests 
if the Corliss boiler at the Narragansett mills. 1 find that there 
‘san error and have corrected it in the paper. 


| 
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PRESSURES AND TEMPERATURES IN) FREE EX- 
PANSION, 


BY A. BORSODY AND R. CAMPBELL CALRNCROSS. 
(Non-Members.) 
PRESENTED BY ¢. E. LUCKE, NEW YORK CITY. 
(Associate Member of the Society.) 


1. The following series of pressures and temperatures presented 
in tabular and graphic form were obtained experimentally in the 
laboratory of Columbia University in the spring of 1904. The 
work is part of a thesis problem, the text of which is not of general 
interest, but the curves, it is believed, are worthy of some discus- 
sion. It is for the purpose of stimulating a free discussion that 
these experimental results are presented by the authors. 

2. The pressure at any point of a nozzle has usually been ineas- 
ured by the introduction of a small searching tube connected to 
a pressure recorder; but as the steam or air is in rapid motion ail 


pressures so measured must be corrected for velocity effects to get 


true pressures. This is troublesome, as it involves three unknown 
quantities, the true velocity, the density, and eddy current effects. 
To get some data on these effects, three methods of introducing 
the searching tube were used, one with the end of the tube op 
posed to the current, one with the end of the tube in the direction 
of the current, and the third with the opening in the side of thi 
tube. Thus three curves of pressures are reported for each case. 
The searching tube was passed through a stuffing box prepare:|! 
by using an angle valve and breaking off the valve proper, ani 
the external part of the tube was fastened to a seale of meter 
while its interior was connected to a corrected pressure gauge fo. 
high pressures and a mereury column for low ones. The drawin 
will explain this detail, together with the steam chamber for feed 
ing the nozzle, which it will be seen was construeted of pipe fi! 
tings. 

* Presented at the New York meeting (December, 1904) of the America 
Society of Mechanical Engineers, and forming part of Volume XXVI. of th: 
Transactions. 
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3. Temperatures in the nozzle when measured by thermometers 
are incorrect because of the heat set free on impact of the swiftly 
Moving gases, Similarly a thermal coupl across the jet will also 


igh; for this reason the couple was made of thin nickel cop- 


per wire, smooth as possible, and stretched through the nozzle. 


irve of calibration of the couple is given and the electrical 


‘tions for reading temperatures will be clear from the 
drawing. 


The rest of the paper reports the results of these pressure 
‘ature measurements for steam and expanding air. 
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PLATE 2. Al 
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PLATE 3. AIR. 
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AIR—INITIAL PRESSURE (40 PoUND Gauce — 51.72 ABSOLUTE 
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Initial Press. 80 Ibs. Gauge+-M.72 Absolute 
| eres Measuring-hole in direction of flow. 
Symbols **** * | on side of searching- tube. 
“| opposed to direction of flow 
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AIR—INITIAL PRESSURE (50-pounp Gauce — 64 72 ABSOLUTE). 
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PLATE 7. STEAM. 
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AIR—INITIAL PRESSURE (60-pounpD GavuGE — 74.72 ABSOLUTE). 
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PLATES STEAM. 
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AIR—INITIAL PRESSURE (70-pounpD Gauge — 84.72 ABSOLUTE). 
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0.23 
O.18 
0.18 
— 0.08 
—0.038 
+ 0.02 
0.07 34.05 
0.12 30.05 
0.17 25 05 
0.22 28.75 
0.27 22.65 30 84.22 
0.32 19.65 26 84.22 
0.37 17.15 22 8&4 22 
0.42 15.25 17.0 awake 84.22 
0.47 14.35 88 72 
0.52 13.85 83 22 
0.57 13.25 82.72 
0.62 12.75 81.72 
0.67 12.05 i3.] £0.72 
0.72 11.45 12 79.72 
0.77 10.75 11.6: 78.72 
0.82 10.25 23. 11.18 77.72 
87 9.85 22.85 10.60 76.72 
9.75 ti) 21.65 10.30 75.72 
9.25 21.05 10.20 74.02 
8.95 36 20.85 9.71 72.02 
07 8.35 .07 19.85 9.42 71.52 
.12 8.05 9 
17 7. 
.22 7 
9 
9 
37 16 
18 
4; 20 
.§2 21 
22 
23 
67 25 
42 25 
24 
2 20 71 
.12 2 74 57 
13.05 29.45 8.43 65 
| 2 | 14.88 28.05 | .74 64 
| | | 14.47 27.65 61. 
| | 14.43 27.75 | 61. 
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| 
PLATE 10. STEAM. 


| 


Initial Press. 70 lbs, Gauge 84.72 Absolute 
! 


z 
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o 
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| 


Initial Press. 80 lbs. Gauge--94.72 Absolute. 


Symbols|\ 


+ 


+ 
¢ Measuring-hole in direction of flow. 
“ ‘ 


on side of searching-tube | 
“ * | opposed to direction of flow. | 


5Q. IN. 


a 
wo 
a 
4 
= 
2 
Ww 
fod 
Qa 
b= 
< 


« 


Atmos 


yhere 


0 0.82 3 
DISTANCE FROM THROAT IN INCHES. 


Fig. 18. 
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AIR—INITIAL PRESSURE (80-pounD GavuGE — 94.72 _ABSOL UTE). 


MEASURING Howe IN THE lsaeaen RING HOLE ON SIDE naay RING HOLE OPPOSED TO 


DISTANCE DIRECTION OF FLOW OF SEARCHING TUBE. DIRECTION OF FLOw. 
FROM 
THROAT IN Absolute Absolute Absolute Absolute Absolute Absolute 
INCHES. Pressure in’ Pressure in Pressure in Pressure in’ Pressure in ins Pressure in 
ins. ofhgt Ibs.persq.in. ins. of het. Ibs. per sq. in. of het Ibs. per sq. in. 
01.23 | ...... | 94.22 
0.23 | ...... | 93.22 | | 94.92 
0.22 25.75 bs 94.22 
0.32 21.25 27.22 94 22 
0.42 16.85 2 94.22 
0 47 15.65 7.67 35.05 93 . 22 
0 52 14 85 7.26 33.75 92.72 
0.57 14.45 7.06 $2.05 90.72 
0.62 13.95 6.81 29.75 89.22 
0.67 13.25 6.47 28.45 89 . 22 
0.72 12.55 6.12 27.15 87.22 
0.77 11.75 5.73 25.25 85.22 
Q.82 11.15 5 44 24.25 84.22 
0.87 10.65 5.19 22.95 82.72 
0.92 10.35 5.05 22.15 81.72 
0.97 10.15 4.95 21.75 49.22 
1.02 9.65 4.70 20.85 10.20 77.72 
1.07 9.25 4.51 20.15 78.72 
1.12 8.65 4.21 19.55 80.22 
8.25 4.02 18.75 9.17 80.02 
1.22 8.05 3.92 18.25 79.72 
1 27 8.45 4.11 17.65 79.72 
1.32 8.55 4.16 7.3 78.72 
1.37 9.75 4.75 16.65 77.72 
1.42 14.05 6.86 16.45 74.72 
1.47 18.15 8.88 7.95 71.72 
1.52 19.85 19.75 70.22 
1.57 21.35 10.45 21.25 eer 69. 22 
1 62 21.85 10.69 26.95 64.72 
1 67 22.95 11.25 29.85 14.62 | 668.72 
1.72 25.85 12.66 $2.45 60 22 
1.77 25.45 12.46 29.25 > 7.22 
1.82 23.65 11.58 82.05 63.72 
1.87 23.15 11.38 34.65 16.98 . 63.72 
1.92 21.25 10.40 28.65 59.72 
1.97 | 20.45 10.01 27.05 ES eee 54.72 
2.02 | 20.85 10.20 | 28.85 58.72 
2.07 21.65 10.60 30.65 | 61.72 
2.12 22.05 10.7 29.75 57.72 
2.17 22.75 11.14 28.15 57.72 
2.22 | 27.95 13.69 28.25 | 61.72 
2.27 29.35 14.3 59.72 
2.32 29.35 14.38 27.55 57.72 
| 
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PLATE 13, 


| 


Initial Press. Salbs Gauce +)4.72 Absolute 


| 
+ 
| ee ee, Measuring hole in direction of flow. | 
| Symbol ux ‘ on side of searching tul | 
| PI d to direct 
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Symbol 
104 
110 = 
| 
100 \ 


| 
| 
| 
| 
| 


z 
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| 
| 
oo 
z 
| 
| 
| 
10} w 
a 
9 
> | 
5 | 
“1a 
Atmosphere 


1.18 0.68 0.18 0 0.32 0.55 1.32 1.82 2.32 
DISTANCE FROM THROAT IN INCHES, 
Lucke Am Bank Note Co, NY, 


Fig. 21. 


PLATE 14. AIR. | 
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15. STEAM. 


Symbols 


—-——- — Initial pressure = 60 Ibs. Gauge 74.72 Absolute. 


~ 70 Ibs 


= 80 Ibs 


if 


i 


SURE IN LBS. PER SQ. IN. 


i 


ABSOLUTE PRES 


Atmosphere 


— 
| 


0 ong 0.82 1x2 
DISTANCE FROM THROAT IN INCHES. | 


Am.Lank Note Co... 


Fig. 22. 
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PRESSURES AND TEMPERATURES IN FREE EXPANSION. 


AIR—INITIAL PRESSURE (90-pounp Gavucr — 104.72 ABSOLUTE) 
MEASURING HOLE IN THE MEASURING HOLE ON SIDE MEASURING HOLE Oveposep To 
DISTANCE DIRECTION OF FLow. OF SEARCHING TUBE DIRECTION OF FLow. 
PROM 
5 IN Absolute Absolute Absolute Absolute Absolute Absolute 
NOHES, Pressure in Pressure in Pressure fn Pressure in Pressure inins. Pressure in 
ins, of hgt. Ibs. persq in ins. of hyt. Ibs. per sq. in of het. Ibs. per sq. in 


101 
101.2% 
101. 
101, 
101 
101 
101. 
101. 
101, 
100. 
97. 
9. 
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104. 
104. 
104. 
104. 
104. 
104. 
104. 
104. 
104. 
104. 
99. 
94. 
68. 
nD. 
45. 
38 
33. 


104. 
104. 
104. 
104. 
104. 
104. 
104. 
104. 
104. 
104. 
103. 
103. 
108. 
103. 
103. 
103, 
103. 
103. 
24. 1038. 
18. 102. 
102.2% 
100. 
98. 
95. 
92. 
90. 
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—.48 
0.438 
«§.38 
—0.33 
0.28 
33 
—().18 
—0.18 
—0.08 
—0.03 
+0.02 
O.07 39.0 
0.12 33.5 
0.17 30.0 
0.22 29.2 
0.27 28.5 
0.32 26.0 
0.387 23.0 
0.42 20 4 
0.47 18.4 
0.52 15.8 
0.57 15.2 
0.62 14.8 
0.67 14.0 
0.72 13.5 
0.77 12.8 
0.82 12.10 
0.87 11.60 
0.92 11.15 
0.97 10.85 5.3 23.0) 11.28 85.22 
10.79 88.72 
10 40 90 . 22 
10.06 89.72 
9.32 85.72 
9.12 84.72 
8.98 78.72 
8.638 75.22 
8.84 44.72 
8.68 63.72 
9.47 64.72 
9.81 70.72 
10.89 68.72 
17.27 70.22 
14.62 85 22 
14.47 83.72 
14.87 88.72 
13.84 84.72 
14.13 82.72 
13.98 66.72 
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| PLATE 16. 
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log 
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| 
PLATE 17. STEAM. 


| | 
| 
+ 


| 
+ 


ABSOLUTE PRESSURE IN LBS. PER SQ. IN. 


Atmosphere 


| 
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18 0 0.32 0.82 1.B2 1.82 2.32 
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STEAM—INITIAL PRESSURE (40-pounp — 54.72 ABSOLUTE). 


| Mmasvs RING HOLE IN THE MEASURING HOLE ON SIDE MEASURING HoLe Op POSED TO 
OF SEARCHING TUBE. DIRECTION OF FLOW 


Absolute Absolute Absolute Absolute 
Pressure in  Pressurein Pressure inins. Pressure in 
ins. of hgt. Ibs. per sq. in of hgt. Ibs. per sq. in. 


54.47 54.72 
4.47 4.72 
51.73 . 54.7 

28.65 | 94.22 
27.35 53.47 
23.55 o2.22 
22.45 50.22 
21.55 49.72 
20.55 48.22 
18.75 45.22 

17.95 43 . 2% 
21.45 42.47 
26.05 41.72 
29 99 


eee 


37.72 
45 36.72 
65 36. 2 
34.72 


| 
27 
12.60 
0.22 | 11.18 
0.27 10.45 
0.32 9.67 
0.37 8.53 
0.42 7.75 
0.47 6.96 
0.52 6.57 
0.57 37 
0.62 
0.67 | 
0.72 69 
0.77 
oe 
0.87 10 
0.92 85 
0.97 65 
1,02 56 
1,12 
10.1 95 | 
1.22 11.2 49 
1.27 16.4 04 
1.32 18.4 .02 | 
1.37 19.8 9.72 
1.42 21.5 m5 
1.47 22 4 10.99 
1.52 23.{ 11.72 
1.57 25.8 12.66 
1.62 27.8 14.64 
1.67 | 28.35 | 13.89 28.55 13.98 sire 41.22 
1.72 | 28.85 14.13 29.05 14.23 Sedbeeeidatil 43.72 
1.77 28 95 14.18 28.55 13.98 43.22 
1.82 | 28.45 13.93 28.45 | 13.93 eehiokion 40.72 
1.87 29.75 14.697 28.35 13.89 37.72 
1.92 29.75 14. 28 
1.97 29.85 14. 28 
2.02 | 29.65 14. 28 
2.07 | 29.65 28 
2.12 | 29.65 14. | 28 
2.17 | 29.65 14. | 28 
2.22 29.65 14. 28 
2.27 29.65 14. 28 
2.32 29.45 14.45 28 
| | 
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| 
PLATE 19. AIR. 


| 


| 
Initial Pressure —54.72 Ibs. Absolute. 
Temperature — 88 Fahrenheit. 


TEMPERATURE IN DEGREES FAHR. 


| | | 
| 


018 0 0.32 0.82 1.32 
DISTANCE FROM THROAT IN INCHES. 


Fig. 26. 
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| 
PLATE 20. AIR. 


Initial Pressure—74,72 Ibs. Absol. 
Temp. —9.0° Fahr. 
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| 
| 


Initial Press.— 84.72 Ibs. Absol. 
Temp.— 99.0 Fabr. 
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STEAM—INITIAL PRESSURE (50- POUND GAUGE — 64.7 ABSOLUTE). 


MEASURING HOLE IN THE RING HOLE ON SIDE MEASURING E TO 
DISTANCE DIRECTION OF FLOW OF SEARCHING TUBE. DIRECTION OF FLé 
FROM — — 
I HROAT IN Absolute Absolute Absolute Absolute prem Absolute 
INCHES Pressure in Pressurein Pressure in Pressure Pressure in ins Pressure in 
ins. of hgt. Ibs. persq.in. ins. of hgt. Ibs. per sq.in of het. Ibs. per sq. in. 


63 . 2° 64.75 
64. 

64. 
64.7% 
64.7% 
64.7: 
64.73 
64 


— 


© to 


a> 


= 


0. 
0.73 
0. 
0.: 
0. 
0. 
0. 
1.0% 
1. 
1.1% 
1.3 
15 
1. 
1.9: 
1 
2. 
2. 
2. 
2. 
3: 
2. 


2 
2 
3 


—0.48 
—0.43 4 
—0.38 
—0.28 
—0.23 
—0.18 
—0.13 
—0.03 61.22 62 64 22 
+0.02 49.72 59 64.22 
0.07 81.45 15.41 51 64.22 
0.12 28.25 13.84 35. 64.22 
0.17 27.65 13.54 30 64.22 
0.22 25.85 12.66 26 64.22 
0.27 24.65 12.07 23 64.22 
0.32 22.15 10.84 21. 64.42 
0.37 20.65 10.10 19 64.22 
0.42 18.25 8.93 83.85 16 64.22 
0.47 16, 8.04 26.45 12. 64.22 ~ : 
0.52 14 7.21 26.25 12.85 64.22 
0.57 13 26 15 12.81 63.22 
0.62 13, 26.05 12.76 62.22 
12. 25.65 12.56 62.22 
12 3 25.25 12.36 61.22 
11. 23.05 11.28 58.72 
10, { 22.05 10.79 56.72 
) 10! 5 21.45 10.50 54.72 
9.85 0) 20 75 10.15 54.72 
) 9.45 20.05 9.81 54.47 
885 1 19.65 9.61 
8.45 1 19.05 9.32 
8.15 | 7 18.45 9.02 | 
8.35 7 18.05 8 83 
9.05 | 1 17.65 8.63 
10.85 | 9 17.35 
14.45 | 18.35 8.98 51.22 
18.45 | 19.85 9.71 
20.05 21.05 10.30 | ........ | 80.47 
21.55 | 55 22.25 50.22 
22.65 | 09 29.85 14.62 | 49.72 
25.15 | 31 | 2985 | 14.62 | 48.78 
25.25 | .36 | 29.75 14.57 
25.85 | 29 65 14.52 
27.35 | 9 cc | 47.72 
28.05 | 4 28.55 | 18.98 
28.45 3 29.25 14.38 
28 65 14.03 29.25 14.33 
28.65 14.08 28.55 13.98 48.22 
28.65 | 14.03 28.65 14.08 | ........ | 45.72 
| 28.55 13.98 | 28.65 14.03 
28.55 13.98 28.45 13.93 
98.55 13.98 28.35 13.89 
88.55 13.98 28.45 13.938 
| 28.25 | 13.84 | 28.75 14.08 
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| 
| Pate 22. AIR. 


Initial Press.—94.72 Ibs. Absol. 
Temp. —99.0°| Fahr. 
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PRESSURES AND TEMPERATURES IN FREE EXPANSION. 


PLATE 23. AIR. 


Initial Press.—104.72 lbs, Absol 
Temp.—.0° Fahr. 
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STEAM—INITIAL PRESSURE (60-rounD GAUGE — 74.72 ABSOLUTE). 


MEASURING HOLE IN THE MEASURING HOLE ON StpE MEASURING HOLE OPPOSED To 
DISTANCE DIRECTION OF FLOW. OF SEARCHING TUBE. DIRECTION OF FLOW 
FROM 7 = 
THROAT IN Absolute Absolute Absolute Absolute Absolute Absolute 
INCHES. Pressure in Pressure in Pressure in Pressure in Pressure inins. Pressure in 
ins. of het. Ibs. per sq.in. ins. of het. Ibs. per sq.in. of het Ibs. per sq.in 


2,5 


~ 


- 


Sue 
8. 


st or et 


oror ar S 


5 


ioe 


> - 
St St St St 


tortor 


ic’ 


ic 


vA 
| 
0.33 97 74 
—(.238 97 74 
—0.23 "7 4 
| —0 03 
| (0.22 27.05 25 32. 74 
0.27 24.65 29 74 
| 0.32 22.35 | of 25 7. 
i 0.47 17.45 34 75 17 73 
0.52 16.55 32.25 72 
0.57 16.2 21.05 15.21 72 
0.62 15.6 29 95 14.67 71 
0.67 15.1 1) 29.05 14.23 70 
0.72 14.4 27.65 13.51 68 
0.77 14.0) 6.86 26.45 12.95 67 
(0.82 13.5 6.62 25.35 12.41 67 
0.87 12.9 6.22 24.35 11.92 ee 65 
2 12.8 6.27 23.85 11.68 
| 7 12.6 
2 12.0) 
| ; 11.5 
11.0 
7 10.6 
» 10.2 
7 10.05 0 19.35 0.47 6 
2 11.05 18.95 9.27 60. 
7 13.05 7 18.65 9.12 59 
18.25 19.95 BT | 
2 21.55 5 20.65 10.10 55. 82 
7 22.85 29 65 11.09 5.22 
7 26.45 55.22 
2 26 85 | 14,92 16.22 
7 25.85 14.82 52.22 
2 | 26.35 52.97 
7 28.85 h2.72 
2 98.55 §2.22 
7 28.35 89 29 53. 
2 28.25 84 29, 52. 
93 | 29. Te 50 
03 28. 14.13 50 
33 28 13.08 51 
13 | 1°.89 48 
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PLATE 24. STEAM. 


\ 


Initial Press,— 54.72 Ibs. Absol 
Temp. 286.6 Fahr. 


REES FAHR 


TEMPERATURE IN DEG 


| 
| 


O18 O 0.32 0.82 1.32 
DISTANCE FROM THROAT INCHES. 
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| | 
PLATE 25. STEAM. 


Initial Press.—64.72 Ibs. Absol. 
Temp—297.5 Fahr. 
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STEAM—INITIAL PRESSURE (70-pounn — 84.72 ABSOLUTE), 
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STEAM—INITIAL PRESSURE (80-rpounp GAUGE — 94.72 ABSOLUTE). 
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GALVANOMETER DEFLECTIONS. 
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DIAGRAM OF APPARATUS EMPLOYED TO DETER- 
MINE PRESSURE VARIATION ALONG A DE LAVAL 


STEAM TURBINE NOZZLE 
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PRESSURES AND TEMPERATURES IN) FREE 


DISCUSSION, 


Mr, 2. P. Bolton.-—I have but a few words to say with refer 
ence to this paper, in the hope that the subject matter will still 


| further be investigated. It contains matter of value in conneetion 
with the subject of heating, which is not apparent on the face 


| of the paper. Much of the steam taken for heating apparatus is 
. passed through reducing valves, being emitted by such valves 
ih through very small orifices, and thus partakes of the nature of 
i a jet, passing from a high pressure to a low pressure. The euri- 
th ous effect has been several times observed in actual work that the 
i amount of steam used from an exhaust steam apparatus may be 
| sufficient to heat a certain capacity in a building, but that if that 
| apparatus is stopped, and live steam is taken direct from the 
| boiler through the reducing valve for the same work, more boiler 
I capacity has to be brought into operation. Now there must be 
a something behind that effect, and it appears to me that this paper 
th gives a line of thought which will lead toward a solution of what 
tf has hitherto been a mystery to heating engineers. 

| Prof. F. R. Mutton.—lI think it will also add greatly to the 
HT interest of this diseussion if attention is ealled to the faet that the 
tt research looks towards a possible solution of the gas turbine. One 
\ of the great difficulties in the attempt to apply the turbine method 
| to a gas engine has been that the drop of temperature in free ex 
: pansion in the nozzle does not take the heat away, but only pres- 
‘ sure. The trouble is that the exhaust goes ont too hot to have 
been of any use. 


| 
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No. 1060.* 


THE POWER PLANT OF THE TALL OFFICE 
BUILDING. 


A COMPARISON BETWEEN COMPOUND AND FOUR-VALVE SIMPLE 
ENGINES RUNNING NON-CONDENSING, 


BY 8. H. BUNNELL, WATERTOWN, N. Y. 


(Member of the Society.) 


1. The limit of excellence in steam engine economy stands at 
about one horse-power produced per pound of coal burned per 
hour. This duty is only reached by large and thoroughly well- 
built engines under the most favorable conditions of uniform 
load, high steam pressure and good vacuum in condenser. Between 
this remarkable figure and the actual everyday performances of 
the high-speed engines necessarily used in the restricted 
spaces of the engine rooms of large city buildings there 
is a very wide gap. The problem before the designers 
of power plants of the latter class is to make the best 
use of steam received at moderately high pressure, and 
delivered into heating systems at a pressure more or less above 
the atmosphere, with the advantage of atmospheric exhaust only 
during sotme five months of the year. The engines using steam 
under these conditions must develop powers widely varying from 
small pereentages of the full load up to the greatest overload 
‘apacity which may be required when nearly all of the elevators 
of the building happen to be taking their several maximum 
amounts of current. Together with these requirements it is 
demanded that the regulation of the engines shall be practically 
perfect, as measured by the production of incandescent electric 
ights without perceptible fluctuation. 


2. For these conditions high-speed engines are almost invariably 


* Presented at the New York meeting (December, 1904) of the American 
society of Mechanical Engineers, and forming part of Volume XXVI. of the 
/ransactions, 
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required and selected. These engines are of three principal types : 
the simple single-cylinder engine with single steam valves, the 
single-cylinder engine provided with four valves of Corliss or slide 
type, thereby separating the inlet from the exhaust and giving 
practically the economy of the regular slow-speed engine of Corliss 
type, and the non-condensing compound engine, usually provided 


11”ano 12” 
NON-CONDENSING 
Al. 


Bunnell SH 


Fia 40. 


with a single valve for each cylinder, but sometimes having sep- 
arate steam and exhaust valves on one or both cylinders. In most 
eases these engines seem to be designed to handle the maximum 
loads of the generators directly connected to them, without muel 
regard to their probable performance in the matter of economy 
and use of steam when running under loads much below the maxi- 
mum. It is evident that with exhaust back pressure not less than 
atmospheric pressure, and most of the time considerably more 
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than this, the number of possible expansions or the ratio of initial 
to terminal steam pressure is limited to a figure which is not un- 
suitable for simple engines. Since steam expansion cannot be 
economically carried below terminal pressure without a waste of 
developed power shown by the formation of a negative loop in the 
indicator diagram, the minimum power economically developed 
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Fig. 41. 


by the non-condensing engine is that due to the mean effective 
pressure consequent upon making the terminal pressure equal to 
the back exhaust pressure. From this minimum the power can 
be inereased without limit until the engine is taking steam full 
stroke and operating without expansion. A division of the pos- 
sible diagram into two separate diagrams by compounding is at 
the expense of more or less of a gap between the two diagrams 
thus produced, due to valve friction, condensation in reeeiver 
11 
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and other losses, the only compensation for which is the decreased 
range of temperature between inlet and exhaust in the separate 
cylinders, compared with the range existing in the single-cylinder 
engine with the same inlet and exhaust pressure. As a matter 
of fact, indicator cards and tests from compound and simple non- 
condensing engines under the conditions existing in the power 
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plants of city buildings show that the employment of compound 
engines for this service often gives results inferior to the per- 
formance of single-cylinder engines with better valve gear and 
costing considerably less to construct. 

3. Some time ago Mr. Isaac D. Parsons made a careful study 
of the conditions of operation of a number of power plants of the 
class under consideration. His figures were selected as the best 
and most definite obtainable by an investigation which covered 
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very many buildings and plants differing widely in details, sizes 
and conditions. Data obtained from seventeen plants whose ree- 
ords were accurate and complete were tabulated in convenient 
form for determining the actual cost of current as compared with 
the rates charged by central stations. The items making up the 
cost of current were taken to be labor, coal and handling of ashes, 
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water, lamps, oil and supplies, repairs, central station service 
where used for periods of minimum consumption to allow of 
shutting down plant, and interest and depreciation at six per 
cent. per annum on original cost of plants. Roughly these figures 
average labor 4, coal 4, and interest and depreciation 75 to 4, the 
sum giving the cost of power being made up by the items of minor 
expense. The amount paid for labor does not depend closely upon 
the details of the plant installed, except that simplicity of 
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machinery would tend to decrease the cost of labor necessary to 
properly operate it. A saving in the cost of current would, there- 
fore, be necessarily made chiefly by decreasing the consumption 
of coal and the first cost and expense of repairs to the machinery. 
4, Table 1 is adapted from Mr. Parsons’ figures which were 
published in the “ Engineering Magazine” of January and 
February, 1902. The last column gives the ratio of the maximum 
momentary load which might be caused by the simultaneous start- 


TABLE I, 
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Kind of 
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load to minimum day 
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ing of all the elevators to the minimum lighting load existing dur- 
ing the hours of bright daylight. The extreme ratio shown in any 
of these buildings is that of No. 11, where the minimum load is 
(supposing the operation of both elevators during daytime) only 
4 per cent. of the maximum capacity which may be suddenly 
ealled for. This, however, is an extreme figure; from ten to 
twenty per cent. seems more representative of the minimum load 
required to be carried by the power plant. It is evident that 
the mean of the load carried throughout the day by any of these 
engines would be about one-half of the full load, and that the 
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engines should be designed for best economy at some point con- 
siderably below their maximum power, and to operate with reason- 
able efficiency over a wide range of load. While this is true 
of all engines of isolated plants for furnishing current to build- 
ings, it Is especially the case in the larger plants, since the steady 
lighting load of office buildings is considerably below the max- 
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imum, and the maximum load is only required for an hour or two 
in the afternoon during the winter months. 

5. The accompanying diagrams have been laid out from actual 
indicator cards produced by Watertown engines of the usual 
high-speed non-condensing type. These cards are representative 
of many taken from the engines under varying conditions of pres- 
sures and loads, but for the purpose of this paper have been 
selected to show the performances of these engines under a boiler 
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pressure of 110 pounds by gauge, and exhausting against a back 
pressure of five pounds in the exhaust pipe, or about seven pounds 
in the cylinder. A is a compound engine with tandem cylinders 
11 and 18 by 12, each having a single steam valve driven from 
the same governor. The throttling due to the extremely small 
valve openings at light loads and the wasteful loops produced in 
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Fig. 45. 


both cylinders under such conditions are features of the diagrams 
from this engine. B is a tandem-compound with single-valve 
cylinders 13 and 22 by 14 with the low-pressure valve driven by 
the usual eccentric, the high-pressure valve only being connected 
to the governor. C is a 20 by 18 single cylinder four-valve 
engine with valves placed close to the bore of the cylinder to 
reduce clearance, the exhaust valves driven by a fixed eccentric 
and the inlet controlled by the governor. The cards from engine 
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C and the low-pressure cylinder of engine B, therefore, show uni- 
form release and compression. The diagrams are in four sets. 
No. 1 shows considerable underload for all three engines. No. 2 
shows the most economical loads for the compounds and a proper 
load for the four-valve to give satisfactory duty. No. 3 shows 
the maximum loads for the compounds, which have already passed 


18” 
NON-CONDENSING 
C1. 


Fig. 46. 


their points of best efficiency, while the same amount of steam in 
the four-valve gives much better results. No. 4 shows the four- 
valve with a load about 160 per cent. of the maximum carried by 
the compounds, and with substantially the same water consump- 
tion. 


6. It is apparent that the four-valve engine gives very much 
better steam distribution and economy than the compounds. The 
reévaporation during expansion even at light loads is not great, 
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and does not indicate any such loss of efficiency as is due to the 
large gaps of the compound diagrams. For the purpose of com- 
parison, Table I]. shows the mean effective pressure from the cards 
as given, and also, with but two pounds back pressure in the 
cylinders, the corresponding water consumption shown by the 


18” 
NON-CONDENSING 


\ C2. 


Bunnelt, SH. 


Fic. 47. 


diagrams, and the probable percentage of steam wasted by cylin- 
der condensation, with the actual water consumption correspond- 
ing. The percentages of load shown by each set of figures, com- 


pared with the full load capacity shown by set No. 3, is given in 
this table. 
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TABLE II. 
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Water per h. p. hour. 
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ATMosPHERiIC EXAaustT. 


Water per h. p. hour. 


\ssumed) ae Assumed 
=~ Indicated. Conden Indicated. onde Actual. 
sation sation. 
pe pec | 
40.9 20 51.0 (15.1 40 7.3 20 34.1 
36.2 20 45.3 16 42 4.9 20 31.1 
33.5 28 16.5 16.93 39 23.5 28 32.7 
24.5 15 28.9 29.7 79 20.4 15 24.0 
23.6 15 27.8 30.1 79 19.6 15 23.1 
22.3 25 29.8 |30.9 18.7 26 25.3 
26.8 12 30.5 37.8 | 100 23.2 12 26.4 
26.1 12 29.7 | 100 22.6 12 25.7 
21.8 22 27.9 143.4] 100 19.3 24 25.4 
22.0 | 18 | 26.5 (58 | 134 20.2 20 25.3 


Note.—M.E.P. of compound engines is referred to low pressure cylinder area. 
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7. These figures indicate that the single-cylinder four-valve 
engines has a far greater range of capacity with reasonable 
economy than the non-condensing compound engine and for the 
actual conditions of service in power plants of large buildings is 
much to be preferred. It would seem very desirable that engi- 
neers planning power installations of this character should make 


20"x 18” 
NON-CONDENSING 
C4. 


Fig. 49. 


a careful study of the probable actual running conditions under 
which current must be furnished so as to select engines designed 
to yive the best economy under actual conditions instead of as 
is too frequently done letting contracts on the basis of the best 
load performance guaranteed, in spite of the fact that, in build 
ings where most of the electric current generated is used for 
power by the various auxiliary machines and the elevators, the 
full-load capacity is only infrequently and momentarily required. 


\ 
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DISCUSSION, 


Mr. J. B. Stanwood.—Using the analysis described in my 
naper, I have taken Mr. Bunnell’s Table IT with engines under 
atmospheric exhaust, and have calculated the ‘Cylinder Efti- 
ciencies.”” 

As 16.7 pounds is the theoretical minimum water rate for 110 
pounds boiler pressure by gauge (see my paper, Table XI), then 
the ratio of 16.7 to the expected water rates of Mr. Bunnell gives 
for each example three different cylinder efficiencies. 

In the diagram, Fig. 50, are plotted these values for B and C 
engines only (one compound and one simple), and it shows plainly 
the advantage of capacity possessed by the simple engine, and of 
efficiency by the compound engine. 

Mr. Bunnell assumes a condensation loss of 20 per cent. with 
equal light loads for both types of compound engines. As the 
engine with governor controlling the valve gear of the high 
pressure cylinder only has a greater temperature range at light 
load than the other, it would probably be found in practice, all 
things equal, to have a greater initial condensation than the en- 
gine in which the valves of both cylinders are under governor 
control. 

With the simple engine diagrams ‘‘ C ,”’ and ** C,,”* the cut-offs 
by measurement are 0.10 and 0.14. The assumed per cents. of 
condensation are 28 and 26. I do not know of any records of 
tests showing so low a percentage for these early cut-offs. In 
Mr. Barrus’ book on ‘*‘ Engine Tests,’’ the range for 0.10 cut-off is 
from 33 to over 40 per cent., and for 0.15 cut-off, from 30 to 35 
per cent. Assuming in Mr. Bunnell’s cases the condensation 
to be as low as 35 and 30 per cent. respectively, there will then 
be found a water rate of 36.1 instead of 32.7; and 26.8 instead of 
25.3 respectively, corresponding cylinder efficiencies being indi- 
cated by the dotted line on the diagram. 

If Mr. Bunnell has any tests in which this low record of con- 
densation for these early cut-offs has been obtained, it will be of 
value to present them to the Society. 


The boiler pressure used is too low in order to get the best 
results from compound engines of the cylinder ratio as given, 
that is, 2.6 to 1. For high back pressures and 110 pounds boiler 
pressure, I should advise a cylinder ratio of about 2 to 1 as it 
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would give capacity with only a slight reduction in economy 
over the larger ratio. 

Diagrams taken from a slow motion 11 by 16 by 20-in. cross- 
compound throttling engine, high pressure cylinder steam jack- 


am. Bank Note Co., N.Y. 


Fia, 50. 


MEAN EFFECTIVE PRESSURES. 


a> 


YBONITAO 


eted, has shown a maximum of 49 pounds mean effective pressure, 
boiler pressure 116 pounds by gauge, cylinder ratio 2.12 to 1, 
high pressure cut-off 50 per cent. 


Incidentally, it may be noted that when engines are working 
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into a heating system, high economy with light loads is not 
necessary as usually there is a large demand for exhaust steam. 
Mr. F. HW. Ball.—This paper is presented to the Society for the 
announced purpose of making a comparison between the efficiency 
of two types of engines, particularly under wide changes of load. 
In making comparisons of this kind it has heretofore been 


thought necessary to test the two tvpes that are to be compared, 


and base the comparison on results shown by these tests. The 
author of this paper has established a new precedent in dispensing 
with the formality of tests. He guesses at what one type of en- 
gine will do, and without even guessing at the other, he is con- 
tent to merely assert that one type is more efficient than the other. 

There may be enginecring subjects which form an interesting 
theme for speculation; for instance, a new type of machine pro- 
posed to be built, or an untried process, but what excuse can there 
be for guessing at the efticieney of a small, self-contained engine 
When it is so simple a matter to test it. 

In looking over this paper it is noticeable that the only infor- 
lation regarding the etticiency of either tvpe of engine is found 
in Table IL. on page 169. This table is made in the following 
manner. First the diagrams are measured to determine the * in- 
dicated water consumption. Then the condensation loss is 


estimated,” and by combining indicated water with esti- 
mated * condensation, the author is able to announce the figures 
in the final column, which he calls * Pounds estimated actual.” 

This is a new engineering term. We have all heard of * pounds 
estimated ” and of * pounds actual,” but who has ever seen the 
two in partnership before. 

The conclusion reached by this process of estimation is that a 
four-valve engine with shaft governor is more efficient than a com- 
pound engine of the single valve type. Let us see how this con- 
clusion fits the facts obtained by carefully conducted engine tests. 

The accompanying chart (Fig. 504) shows graphically results 
of a large number of tests reported by George Il. Barrus in his 
book entitled “* Engine Tests,” published by D. Van Nostrand, 
1900, 

Each test is represented by a point on this chart, which is 
located so that the measurements on ordinates indicate the water 
consumption and on abscissee the percentage of load during the 
test. All of the engine tests were run non-condensing and most 
of them were Corliss engines. 


It so happens that the Corliss engine making the best showing 
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for any simple engine was tested with six loads ranging from 
13 per cent. to 1.15 per cent. This enables us to plot the curve 
( D made from test No. 31 on page 126 of Mr. Barrus’ book. 
The engine tested in this case was a 300 horse-power double Corliss 
engine with 100 pounds steam. The water consumption ranged 
from 73.63 to 25.39, 

In this same book on page 216 test No. 54 gives us the figures 
obtained from a single valve cross compound engine with 165 
pounds steam. The higher pressure here used was no doubt an 
advantage to the engine, and the comparison with the Corliss 
engine on the score of efticieney, therefore, is not of much inter- 
est, but the curve of efficiency with different loads is interesting, 
because we are told by the author of this paper that the compound 
engine is less efficient than the four-valve type with light load. 

Curve 1 B represents the figures obtained at loads ranging 
from 46 per cent to 1.08 per cent. This curve certainly contra- 
dicts the conclusion announced in the paper under discussion. 
It may be interesting to note in this connection the result of a 
test of a little 75 horse-power single valve compound engine with 
100 pounds pressure, non-condensing. 

I happened to participate in this test, which was carefully made 
with a surface condenser, and the results may be aecepted with 
confidence. 

The results of this test are represented by cireles in the chart 
and in some eases the test was duplicated as indieated. In this 
case the test covered almost exactly the same range of load as 
the test of the Corliss engine and the efficiency is practically the 
same at every stage of load. 

In making this comparison it must be borne in mind: 

First. That a 75 horse-power compound is being compared with 
a 300 horse-power Corliss engine. 

Second. That the Corliss engine was one that made the best 
showing reported in Mr. Barrus’ book. 

Third, That a short stroke, four-valve engine without releasing 
valve gear cannot possibly make as good a showing as the average 
Corliss engine and must therefore fall considerably short of the 
exceptional performance of this Corliss engine. 

The conclusions from this chart are these : 


First. That a single valve compound engine is more economica! 
than the best type of Corliss engine of the same horse-power 
‘apacity and considerably more economical than any four-valve 
engine without releasing gear. 
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Second. That the greater efficiency of the compound engine 
when compared with the simple four-valve engine is just as notice- 
able with light loads as with heavy loads. 

Mr. 8S. H. Bunnell.*—It has been generally assumed, it seems, 
by architects and engineers in ealling for these city engines, that 
there is no doubt at all about the compound engine being the 
best at all loads; and it has been our experience that there is 
some question about that—not at all whether a compound engine 
can be made more efficient at any load, but whether the types of 
compound engines ordinarily sold for city building work, with 
single valves and shaft governors and costing considerably more 
than simple four-valve engines, are actually as efficient as the 
latter. Mr. Stanwood’s comparison with Table No. IL. is a most 
interesting one. IT am glad to aecept his judgment as to per- 
centages of condensation, and to note that the performance of the 
simple engine is still close to that of the compounds. Certainly 
higher initial pressures will favor the compounds, but present 
practice limits steam pressures so as to demand lower evlinder 
ratios and correspondingly reduce the advantages of compound- 
ing. A 2 to 1 compound will hardly justify its increased first 
cost over the simple engine. 

Mr. Ball suggests that the heading of the last column is wrong. 
“Pounds total estimated” will be an improvement and may 
satisfy his desire for accuracy. Ilis insistence upon accurate 
scientific tests as a basis for conclusions as to engine etficieney is 
justitiable—but office building service is too urgent to allow of 
interference for such purposes, while all of us who build or use 
engines are well aware that accurate tests of new engines in 
expert hands give results never realized in commercial operation 
over long periods, 

While the subject under disenssion is the relative actual water 
and coal consumptions of different types of engines in a class of 
plants where attendance is often not the best, coal and water 
records only obtainable by searching the books for bills paid, 
loads widely varying and often very light and tests with scien- 
tifie aceuracy impossible, Mr. Ball offers presumably as his idea 
of scientific accuracy conclusions drawn from short tests of large 
and well adjusted engines under good conditions rather than from 
indieator diagrams from the actual types of engines being con- 
sidered. In support of his claims he cites a pair of 150 horse- 
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power Corliss engines under 100 pounds steam in comparison 
with a cross-compound engine under 165 pounds, the pressure 
conditions of both engines being unquestionably right for good 
efficiency over a large range. The total number of possible ex- 
pansions from 180 to 20 pounds absolute is nine without pro- 
ducing terminal loops, while the engines of the paper are com- 
pared at the maximum pressures usual in city buildings, which 
allow only about six expansions. 

It is to be regretted that Mr. Ball does not give indicator 
diagrams and a fuller description of the details of the tests of his 
75 horse-power compound engine. He places a brief assertion 
against actual indicator diagrams and modifications of their 
measurements based upon values of probable evlinder condensa- 
tion which have been obtained by experienced engineers from 
numerous tests reported in detail in various publications and 
which stand until contradicted by other tests of accuracy. It 
would be of interest to compare the diagrams from his compound 
engine with those of the paper, and to observe the percentages of 
condensation, and the action of the valves. 

Shaft-governed, multi-ported, four-valve high speed engines give 
diagrams remarkably like those from Corliss engines with releas- 
ing gear, particularly with the higher rotating speeds now used 
with the latter, because dashpot action is not instantaneous and 
shows similar rounding of diagram corners. 

When steam pressures in these plants are regularly carried at 
140 to 160 pounds Mr. Ball’s conclusions will have a greater per- 
centage of value than under the present usual maximum pressures 
of 100 to 125 pounds only, with back pressures generally speci- 
fied at three pounds and often finally carried at seven to ten. I 
still hope for an opportunity to make a service test of engines 
in a city building, and so to confirm the indications that it is not 
so much the proportions of the compound engine or the actual 
valve setting as it is the moderate steam pressure and the running 
of engines a large part of the time under light and varying loads 
which reduce the gain due to compounding so that the four-valve 
simple engine with a fairly low water consumption is the better 
engine for average present conditions in city building work. 
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No, 1061.* 
STAYBOLTS, BRACES AND FLAT SURFACES. 


A DISCUSSION OF VARIOUS RULES AND FORMUL.®. 
BY R. 8. HALE, BOSTON, MASS. 


(Member of the Society.) 


Support of Flat Surfaces of Boil TS hy Stayholts. 


1. The problem of the support of flat surfaces arises in the 
design of the fireboxes of locomotive and upright boilers, in the 
design of the combustion chambers of Scotch marine boilers and 
in the design of the heads above the tubes in horizontal tubular 
boilers of all classes. 

2. The stress on the staybolts is in general a direct pull. In 
the ease of diagonal braces the actual stress may be reduced in 
figures to an equivalent direct pull by considering the angle be- 
tween the brace and the plate. In the case of short stays there is 
a bending action due to differences in expansion of the inside and 
outside plate which causes special stresses which will be consid- 
ered below. 

3. The maximum working stress permitted in staybolts is as fol- 
lows: 

United States Rule, 6,000 pounds per square inch. 

British Board of Trade, 9,000 pounds per square inch, 

British Lloyds, 8,000 pounds per square inch, if 14 inch diameter or less. 


German Lloyds, 4 of tensile strength. For 60,000 pounds this is 8,560. 


Bureau Veritas, a of lower test limit, then add 4 inch for material of 60,000 
pounds ; this is 10,400 on net section and about 8,300 on the 
gross section of a 1-inch stay. 

Hartford Boiler Insurance Company, no official rule, but in the Locomotive of 
September, 1893, recommends 7,500 on 
long stays, and in same paper, March, 
1892, recommends 4,800 on short stays. 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 
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None of these rules, exeept the practice of the Hartford Co., 
take any account of the difference in stress between short and 
long braces. Some of them allow a greater stress on large braces, 
as, for instance, Lloyds and Bureau Veritas. 

4, Now, in short braces, such as those in locomotive tireboxes, 
the difference in expansion between the inside and the outside sheet 
bends the stays and induces severe stresses in addition to the direct 
pull due to the steam pressure. As a result, such staybolts are 
frequently found broken close to the outside plate. 

5. Further, as is well known, excessive stress and strain makes 
the metal more liable to corrosion, and these short bolts are fre- 
quently found corroded and wasted. 

6. In boilers with long braces, such as the ordinary horizontal 
tubular boilers, we very seldom find any corrosion. TLowever, an 


allowance for corrosion would appear excellent practice, even if 
corrosion appear but seldom, and the rule of the Bureau Veritas, 
by which the stress is computed on the net area that will remain 
after 4 inch (;s inch on each side) has been wasted, is an excellent 
one. For long braces where there is no bending action, say braces 
of 2 feet and over, there would appear to be no reason why the 


stress should not be as great as that allowed on similar metal in 
boiler plates. In boiler plates a stress of 12,000 or more is allowed 
between rivet holes, and from 7,000 to 11,000 in the body of the 
plate. It would, therefore, appear that we can safely take 12,000 
for long steel braces, or 10,000 for iron. While this allows con- 
siderably more pressure than has been usual in some eases, the 
fact that these long braces give but little trouble would seem to 
warrant increasing the pressure. 

The allowance of 4 inch for future corrosion makes this agree 
better with current practice than is apparent at first sight. Thus, 
with a 1-inch brace, 12,000 pounds on the net section, which is 
i-inch diameter, is 9,200 on the gross section, or but little more 
than is now usual. For large braces the proposed rule will allow 
higher pressure than is now customary, but our experience with 
such eases as have come to our notice indicates that it will be 
amply safe. 

7. On short braces the working stress due to tension alone 
should be less in order to leave a margin for the bending stress. 
These braces are usually iron, and if we make the permissible 
stress 9,000 on the net section after subtracting ;'y inch on all sides, 
on iron braces less than 24 inches long, 8,000 if less than 12 inches 
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long, 7,000 if less than 6 inches long, and 5,000 if less than 
4 inches long, we shall get results that will be in better accord 
with present good practice and experience than any of the rules 
stated above in paragraph 3. The difference will, at least, take 
partial care of the stresses due to bending. 

The variations above suggested according to length of braces are 
not based on any theory, but are chosen so that for very short 
braces the stress shall be about that which locomotive boilermakers 
have found good practice, with stresses on braces of intermediate 
lengths something in proportion. 

In the case of the cireular fireboxes of upright boilers it must 
be remembered that the strength of the furnace as a flue dimin- 
ishes the stress on the staybolts. 

8. We may now consider the strength of the plate itself, and 
this obviously depends on the distance between stays and the 
thickness of the plate. 

9. It also depends somewhat on the diameter of the stay, since 
we can easily imagine an extreme case, in which the stays were so 
large as to diminish appreciably the area of plate to be supported. 
It is obvious, however, that for any given method of attaching 
the stay to the plate a change in the diameter of the stay will affect 
the stresses by but a very small amount; hence it will be correct 
to neglect this factor in determining the thickness of the plate for 
any stated method of attachment and distance between stays. 

10. The method of attachment, of course, affects the safe work- 
ing pressures, 

11. The theoretical stress, independent of method of attach- 
ment, or rather for stays attached at points of infinite strength, 
has been found by Grashof (Unwin Machine design) to be as 
follows: 

2 
of 


J= maximum stress 

p = pitch, ¢ = thickness of plate, P = steam pressure; all in 
pounds and inches. 

Since the stress on the bolt itself is given by the formula: 


f= being the diameter of the bolt, 
mi? 


it is interesting to note that for equal stress in bolt and plate the 
bolt should be 2.4 times the thickness of the plate, whatever the 
pitch for the case covered by the formula. 
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12. The stress on the plate is stated by D. K. Clark to be deter- 
mined as follows: Steam pressure at elastic limit of plate equals 


5,700x = p in this case being distance between bolts, not between 


centers. 

Although Clark states this to be the elastic strength, yet it 
appears to be more probable that it is some fraction of Clark’s 
idea of the ultimate strength. It would probably be as wrong to 
depend on Clark in such a case as it would be to use his theories 
as to strength of beams in designing bridges, instead of using the 
formule based on the elastic theory, such as the formule used 
by all the best engineers in designing every large bridge or steel 
frame building. 

13. The rules used bythe various insurance and similar bureaus 
are as follows: 

United States, P= C C = 112 for steel plates 47; or less. 


f? 

British Lloyds, P = C; .; ¢ = 90 for steel plates 7; and less. 

German Lloyds, ? 


Board of Trade, P = 


7 ,, ‘ 
Bureau Veritas, P = - a> 7 7 = tensile strength taken at 25.8 tons or 
a 60,000 pounds in following computa 


tions. 
C = .055 and less, 

Hartford Boiler Insurance Co., in Locomotive of March, 1892, 
page 38, advocates D. K. Clark’s rule with a factor of safety of 
3, based on the elastic strength. His rule is: 

5,700 


P = ———— T being thickness in inches ; p is the net pitch, ¢.e., distance be- 


I tween staybolts and not between centers. 


The figures given in the tables following take p as the distance 
between centers in all cases. If it was worth while to take ac- 
count of the difference the figures could be corrected accordingly 
for Clark’s formula. 

The constants above given are considerably increased for other 
methods of attaching stays to plates than merely screwing in and 
riveting over. 

14. In. Tables I-IV. are given the permissible pressures by 
these rules for various thicknesses of plates, for pitches from 4 to 
11 inches. 
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TABLE I. 


STEEL PLATES, SCREW STAYBOLTS RIVETED, Pitcu, 4 INCHES. 
WORKING PRESSURES. 


Bureau Veritas. British Lloyds D. K. Clark 


Thickness of | British Board United States 
Plate. of Trade. Rule 


160 


250 
360 


TABLE II. 


STEEL PLaTes. SCREW STAYBOLTS RIVETED. Prrcu, 6 INCHES. 


Thickness of | British Board |= United States 


Plate } of Trade Rule sureau Veritas. British Lloyds D. K. Clark 


40 

62 

177 

360 278 
538 400 


a: 


TABLE Il. 


STEEL PLATES. ScREW Stays RIVETED. Prtcu, 8 INCHES. 


Thickness of British Board | United States 
Plate. of Trade. Rule. Bureau Veritas. British Lloyds D. K. Clark 


TABLE IV. 


STEEL PLATES. SCREW Srays RIVETED. Prtcu, 11,5, INCHEs. 


Thickness of British Board United States 


Plate of Trade. Rule Bureaa Veritas. British Lioyds. D. K. Clark. 


12 
63 
S4 


181 
| 112 90 107 
237 \ | 
& 323 252 | 203 178 
i 422 343 276 208 ; 
} 50 79 
10) 112 120 
4 17 214 158 
: 26) | 198 
4 37 480 238 
2s 22 23 59 
63 63 Su 
} W 120 122 100 | 109 
138 188 202 156 148 
3 193 270 302 225 178 
13 14 11 11 
26 31 31 25 
44 6) 61 50 
65 94 102 78 105 
91 135 151 112 126 
121 185 212 153 147 
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TABLE V. 


RECENT CASES OF BULGES BETWEEN STAYBOLTS FOUND By MUTUAL BOILER 
INSURANCE COMPANY INSPECTORS. 


Working Pressure. Pitch of Stays. Thickness of Plate. | Pressure by U 


w 


+ 


* Small circular firebox, ** Large circular firebox. 


For the cases marked * or ** the circular form of the firebox strengthens the plate against 
collapse, as was shown in my article in the Engineering Magazine. 


The double figures given for the Board of Trade are the figures 
from their rule and the figures from Trail’s Board of Trade 
tables for pitches under 6 inches, which tables, it is understood, 
supersede the rules for these small pitches. 

It should, of course, be understood that probably none of the 
rules are intended for extreme cases. For pressure under 30 
pounds various other considerations would, of course, enter and 
for pressures above 250 pounds temperature changes in the plate 
would very likely make the rules inapplicable. In other words, 
none of these rules are intended for extreme cases, and for ordi- 
nary working conditions it appears they give results that do not 
differ widely from each other. 

Such being the ease, the simplest formula is probably the best. 
Further, there should be a decided preference for formule that 
agree with the theoretic formule rather than for empirical 
formule. Of course, an empiric formula may represent the re- 
sults of a few experiments better than a theoretic one, but unless 
the experiments are very numerous and very accurate the chances 
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are that the differences between the empiric and theoretic formule 
are due to errors of experiment. 

15. In this connection it may be noted that such experiments as 
have been made, notably those of Fairbairn, Clark, Wilson, Greig, 
Eveth and the Board of Trade (see Stromever, page 140, for a list 
of these) are not complete enough and apparently are not accu- 
rate enough to furnish any rule. This is only what is to be ex- 
pected since experiments on flat plates, if the plates are tested 
to breaking, or even only to bulging, deal with pressures and 
strains far in excess of working conditions and must deal with the 
metal in a more or less plastie state. Experiments to determine 
the actual working stress in flat plates under ordinary conditions 
would have to be very refined experiments in which the stresses 
were inferred from the measurement of infinitesimal deflections, 
and these experiments have not been made. As stated above, the 
case is very similar to that of iron beams, in which the working 
stresses have to be computed from the elastie theory, since experi- 
ments by testing beams to destruction give results which we know 
are not to be relied upon in designing. 

16. Hence, it follows that the theoretic form used by the 
United States, German and British Lloyds, ete., is the best, and 


that working pressure == constant —, is the form to be adopted. 
2 


17. In regard to choice of constants it is interesting to note 
that on the whole the United States rule gives results intermediate 
between the British Board of Trade and the Bureau Veritas, 
although considerably higher than the British Lloyds. In order to 
see if these results were borne out by experience I have made 
up a list of the most recent cases in which our inspectors have 
found plates bulged between stavbolts, Table V, 

18. It is clear that if weakness caused these bulges, all the rules 
give much too high pressures, but it is more probable that these 
bulges are most of them due to overheating, just as the bulges 
in the furnaces of internally fired boilers or the bottom plates of 
horizontal return tubular boilers, and that they are not due to 
weakness of design. In other words, they are due to abnormal 
conditions, and are to be prevented by care in the operation of the 
boiler rather than by change in the design. 

19, The proper constant, therefore, is somewhere between 90 
and 120, and since failure will not cause serious accident it would 
seem wise to use 115 in determining the limiting safe pressure, 
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while 100 will give good results when designing a new boiler for 
economically long life. 

The United States and Lloyds permit a slightly higher constant 
for thick plates than for thin, and the Bureau Veritas rule has 
this effect. The Board of Trade rule and Clark’s have just the 
reverse effect. 1 cannot see anything either in our experience 
or the experiments that warrants allowing proportionate greater 
pressure on thick plates than ealled for by Grashof’s formule, 
except so far as mav be desired for corrosion in special cases, 
where it is thought corrosion should be specially provided for. 

21. For braces attached by nuts or crowfoot braces attached by 
rivet, it is obvious that a higher pressure can be allowed. Lloyd 
allows about 20 per cent. more for nuts, United States about 20 
per cent. more, Board of Trade about 25 per cent. more; and a 
constant of 140, which would agree with the margin in the other 
rules, is good practice. 

22. For horizontal return tubular boilers the braces, when 
small diagonal braces are used, are attached to the heads by crow- 
feet and rivets. For this ease a constant of 140 appears to give 
results in accordance with good practice. 

23. For the cases where the stays or braces are in the steam 
space, with fire or hot gases on the other side so that the plate 
and ends of the braces are exposed to overheating, the British 
Board of Trade diminishes its constant and the allowable pressure 
by some 40 per cent. The other rules take no acount of such cases, 
but apparently allow full pressure. Such a flat surface with 
steam on one side could not safely be exposed to the full heat of 
the furnace at any pressure and yet be safe. On the other hand, 
if exposed to comparatively cool gases it may be as safe as if it had 
water on one side, instead of steam, but was exposed to the full 
heat of the furnace. 

It follows, therefore, that no general rule can be laid down, 
but the constant for stays in the steam space, when the plate is 
exposed to the products of the combustion on the other side, 
may have to be reduced according to the particular case. 

24. The foreign rules allow quite an excess of pressure for 
various washers, ete. As Stromeyer has shown, however, thicker 
plates are cheaper than such washers, and the use of channels or 
angles as in United States practice seems also to be superior. 
For such construction a constant of something like 200 to 250 may 
probably be taken, but the exact amount would depend on the 


ane. 
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washers, the two pitches, on the shape and dimensions of the 
channels, on the riveting, ete., so that no rule could be laid down. 

25. In the above discussion it has been assumed that the stays 
are all pitched in squares. If they are not, the British Board of 
Trade uses the square root of the surface and the Bureau Veritas 
the square root of the sum of the squares, for the pitch. In gen- 
eral, it seems to be assumed that if the pitches differ only slightly 
an intermediate figure as in these rules may be taken, while if they 
differ largely the case must be specially considered. The rule of 
the British Board of Trade for using the square root of surface, 
i.e., of the product of the two pitches if they differ slightly, is 
simple and probably as correct as any, within the limit of say 
20 per cent. variation. 


SUMMARY, 
Ntress on Stays. 


Comparison of the various rules for working stress on stays and 
braces shows a general neglect of the difference between long and 
short stays. 

For long steel stays, subtracting 4 inch from the diameter, and 
then allowing 12,000 pounds per square inch on net section re- 
liaining, gives results which apparently will be better than any 
of the present rules. For iron stays probably 10,000 should be 
used, 

For short stays, which are chiefly iron, where bending action 
comes in, empiric rules reducing stress as length of stay decreases 
may be used. Our knowledge of the bending stress is not sutti- 
cient to warrant the use of a more theoretic formula. 


Pitch of Stays and Thickness of Plates. 


Comparison of the working pressures for pitch of stays and 
thickness of flat plates shows that the complicated formule of 
some of the rules do not give as good results as the simpler 


formula P=C _,, C being taken as 100 to 115 for riveted stays, 
140 for stays nutted or crowfoot stays riveted on, and a higher 
value up to 200 or 250 for the use of washers or channels or angle 
bars riveted on. 


If the pitches differ by less than 20 per cent. use the surface 
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instead of p*. If the pitches differ by more than 20 per cent. it 
is a special case. Special cases and unusual construction must 
always receive special consideration. 

The above constants give results indicating the probable safe 
pressure for a year or so, until the next examination. In design- 
ing a boiler for a long life the constants should be redueed by 
some 20 per cent. or so, just as a factor of safety of 4 can some- 
times be used temporarily for the shell of a new boiler, while 5 
should be used in designing a boiler to be run for a number of 
years without reduction of pressure. 


DISCUSSION, 


Mr. Wm. T. Magruder.—aAs a proof of the statement made in 
paragraph 1S that * these bulges are due to overheating,” I 
would refer vou to an article by the writer on * The Effect of 
Seorching on Duetility,” which will be found on page 25s of Vol. 
XVII of the Stevens Institute Indicator for July, 1900, and 
wherein are given the record of tests and the autographie stress- 
strain diagrams of coupons cut from the front, center and back 
of the erown-sheet of a Belpaire locomotive boiler. The loco- 
motive was first put into service in July, 1894.) In December, 
1S97, it was slightly scorched or overheated, due in all prob- 
ability to low water. It beeame badly pocketed between the 
heads of the crow stay rivets, but there was no explosion or 


wav of the sheet. The plate was purchased on specitiea- 
| 


tions ealling for 55,000 to 65,000 pounds per square inch of 
tensile strength and 28 per cent. elongation in eight inches. 


TABLE. 


Front. 

Area, before testing, sq. in... 
Strength, lb. per sq. in., at elastic limit (yield 

Gaal ..... 53,730). 48,960. 
Elongation in eight inches ee 8 0.53 
Per cent. of elongation... oat 13.6 6.6 


It is to be noted that the 28 per cent. elongation, when new, i 
a test section eight inches long was reduced to 24.6 per cent. at 
the back coupon, to 6.6 per cent. at the center, and to 13.6 per 
cent. at the front coupon, after the use that it had received; that 


: Back 
1x 0.334 
0.334 
0.144 

56.9 

37.040, 

63.270. 

52,470 
1.97 

24.6 
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the reduction in area was decreased from 56.9 per cent. at the 
back to 19.6 per cent. at the center and to 28.4 per cent. at the 
front test-section; and that the maximum strength was reduced 


from 63.270 pounds per square inch at the back to 56.380 pounds 


per square inch at the center. The center coupon showed the 
highest modulus of elasticity. It gave a rounded diagram, whereas 
the back coupon gave a rather sharp corner at the vield point. 

The center coupon, after fracture, showed a ruptured or 
checked surface on the side of the plate which was next to the 
water, and in places originally about four inches apart and mid- 
way between the crown-stay rivets. It was quite uniformly but 
less deeply cheeked on the fire side. The front coupon was 
checked only on the fire side, and only near the place of fracture, 
which was at a line of rivets. 

While the sheet did not give way and cause a steam boiler ex- 
plosion, with the attendant loss of lite and property, the tests show 
that the duetility of the sheet had been practically destroved, 
and confirm the judgment of the person who ordered it to be 
replaced. 

The cheeking of these plates between the crown-stay rivets 
would seem to indieate that the heat is not conducted away as 
rapidly between as at the crown-stay rivets, and that therefore 
they beeome scorched, the rivets acting like fins. This result may 
be due either to the poor circulation of the water over the erown 
sheet or to the existence of the water in the spheroidal state, or 
to both. 

Mr. G. R. Ienderson.—Paragraph 18 on page 183 is, I think, 
particularly interesting. 

The last part of the paragraph, after referring to bulges be- 
tween stay bolts, states: 

= It is more probable that these bulges are most of 
them due to overheating, just as the bulges in the furnaces of 
internally fired boilers, or the bottom plates of horizontal return 
tubular boilers, and that they are not due to weakness of design. 
In other words, they are due to abnormal conditions, and are to 
he prevented by care in the operation of the boiler rather than by 
change in the design.” 

T would like to cite some eases in connection with locomotive 
boilers that came under my own experience. The inside fire-box 
sheets were 2 thick, the spacing was four inches, and the pres- 
sure to be withstood 200 pounds. According to the United 
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States rules the safe pressure would be 250 pounds, so you see 
it was quite within the safe limits, and it was not a question of 
pressure. We found the side sheets bulged very badly between 
the stay bolts. 

Examination showed that there were many minute cracks 
started apparently on the water side, and they kept getting worse 
and worse until they came clear through the sheets. There seemed 
to be no question but what there was plenty of water. The boiler 
was of the wide fire box type. It occurred to some of us that pos- 
siblvy the generation of steam was so rapid on account of the large 
mass of incandescent fuel that the water next to the inside of the 
box was converted into steam. 

In order to make a test of this we introduced a series of gauge 
cocks from the outside of the shell reaching in near the fire box 
sheet. One stopped within a quarter of an inch and the other 
within half an inch and the other about three-quarters of an inch. 
We found that when the engine was working hard the cock close 
to the fire box gave indications of steam without water. When 
the throttle valve was closed water was obtained at all the gauge 
cocks. But when the engine was working hard the gauge cock 
nearest the sheet showed steam generally. The test seemed to 
indieate that there was a 2-inch film of steam next to the fire 
box. Now according to this statement on page 183, that could have 
been remedied by care in the operation of the engine. But I do 
not see how that could have been done in this ease, because in 
the operation of a locomotive we are bound to get all we can out 
of it. I think if any one can give us information in regard to 
the film of steam being next to the fire box it might be instrue- 


tive. If that is the case, as we found it was in this experiment, I 
don’t believe if we had a water leg 12 inches wide that we would 
have any better result. This one was 4 inches wide at the bot- 
tom and 7 inches at the crown sheet and it seemed from the ex- 
periment that the radiant heat was so intense that the water was 
apparently driven from the sheet just the same as when you throw 
a cupful of water on a red hot stove. 


Mr. W. S. Huson.—Some members will remember a small 
section of boiler plate showing a bulge, and exhibited in econnee- 
tion with a paper read before the Society, say ten years ago.* In 
the discussion, the question of water being driven away from the 


* Transactions A. S. M. E., vol. xiv, No. 511. 
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shell was raised, and as Mr. Henderson has referred to this, if 

the paper is traced back, a very full discussion will be found. 
Mr. Robt. S. Hale.*—Mr. Wenderson’s criticism is correct. It 

is the design of the stavbolting only that I referred to. Undoubt- 


edly a change in the design so as to keep the surfaces covered by 
water would prevent many of these bulges. 


* Author's Closure, under the Rules, 
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No. 1062.* 
LOSSES IN) NON-CONDENSING ENGINES. 


BY JAMES B. STANWOOD, CINCINNATI, 0, 


(Member of the Society.) 


1. Some years ago, the writer became interested in the subject 
of the possibility of increasing the economical performance of 
non-condensing steam engines, operating under varying loads. At 
that time through the kindness of Professor Sweet, he was fortu- 
nate enough to become acquainted with the work of Mr. Willans, 
as set forth in his two celebrated papers upon “ Non-condensing 
and Condensing Engine Trials.” + Mr. Willans applied in a most 
practical way the extremely theoretical and technical laws of 
thermodynamics, simplified, however, by the use of the Temper- 
ature-Entropy Diagram. 

2. After the first tentative report of the A. S. M. E. Committee 
on Standardizing Engine Tests, the writer contributed to the dis- 
eussion of the report by testing some of the recommendations 
made by the Committee by Mr. Willans’ methods of analysis; 
calling special attention to two factors, 1—C and 1—F (sug- 
gested by the Committee), respectively representing the condensa- 
tion and expansion losses. This paper, therefore, is an extension 
or elaboration of the discussion upon the relation of these losses, 
especially such as occur in non-condensing engines. The tests of 
a few leading types of these engines which have been analyzed in 
order to determine current practice, and some of the conditions 
governing steam economy under varying loads are likewise given. 

3. Mr. Willans, in recording the analyses of tests made upon his 
special type of engine, compares in each test the number of British 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXYVI. of the 
Transactions. 

t The Proceedings of the Institute of Civil Engineers of Great Britain, 
vol. xciii, 1888 and vol. exiv, 1893. The writer is also greatly indebted to Mr. 
Willans’ partner, Mr. Mark Robinson, for copies of these papers and for other 
valuable information. 
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thermal units actually converted into useful work per pound of 
H.O,* with the theoretical number of British thermal units per 
pound of steam which theory dictates as available.+ The ratio ex- 
pressing this comparison of practice with theory is an efficiency, 
called by Professor Reeves the ‘“ evlinder efficiency,” a term 
which we shall use and denote algebraically by the letter EF. 

4. In calculating the theoretically available British thermal 
units, Mr. Willans employed the Rankine cycle as being the one 
that gives the highest practically obtainable efficieney.£ In this 
evele, steam is assumed to expand adiabatically, instead of by 
either of two more common assumptions: one in which the expan- 
sion curve follows the law, pr==constant, and one in which it fol- 
lows the curve of perfectly saturated steam. 

5. The relative efficiency of these three methods is analyzed and 
discussed by Mr. Willans, who gives his reasons for the selection 
of this special eyele. Capt. Henry Riall Sankey later discussed 
this same question more elaborately in a paper presented to the 
Institute of Civil Engineers in 1895-96 entitled “ The Thermal 
Efficiency of Steam Engines.” 


6. The usual computations, by means of Steam and Ivperbolie 
Logarithmic Tables, to determine theoretical values, in British 
thermal units, in accordance with the Rankine eyele are laborious. 
It is simpler to use a table of Absolute Pressures and Temper- 
atures in connection with their respective Entropy values of water 
and steam. Such a table is Table I., caleulated by the writer from 
Peabody’s Steam Tables. It can be used as follows: 


*H.O represents mixture steam and water. 

¢ This theoretically available number of British thermal units is the differ- 
ence between the total heat per pound of steam delivered to an engine, and the 
theoretical heat per ponnd of H2O rejected by that engine at the given terminal 
and back pressures. 

t Since his time the Nordberg system of progressive feed-water heating, has 
brought into prominence the idea of making the more efficient Carnot cycle 
approximately a mechanical possibility. 

“ There is considerable variation in the values given in Entropy Tables as 
computed by different authorities, due to variations among the steam tables 
used as basis of calculation. This table, however, closely approximates Professor 
Reeves’ Entropy Tables which have recently been published; his notation is 
used in this paper so that those who will, may more easily use his tables. He 
takes absolute zero at 460.8 below Fahrenheit zero; here 461 degrees below is taken. 
For some reasons Table I might have been omitted from this paper but for the 
fact that it contains values of the weights of 5.4 cubic feet of steam—a quantity 
needed in calculations, especially when associated with entropy values. 

13 
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TABLE I. 


ABSOLUTE PRESSURES, TEMPERATURES, ENTROPY AND WerIGHTs OF 5.4 CUBIC 
FEET OF STEAM. 


EntTRoPY = ¢. & ENTROPY = ¢. 
=~ of Water of Steam of Water of Steam 
i in Ranks. in Ranks. == = in Ranks, in Ranks, 
< < < < 
0 $930 0.000 2.214 0.0016 749.1 0.421 1.640 0.713 
O.5 40.8 0.093 2 O49 0.0083 750.2 0.42 1.638 0.726 
1 3.0 0.133 1.086 0.0162 58 751.3 0.424 1.636 0.738 
2 O.175 1.923 0.0311 0.425 1.635 
3 Hor 6 0.201 1.886 0.0456 - 
4 614.1 0.220 1.860 0 05908 60 TDR 0.427 1.633 0.761 
5 623.3 0,235 1.841 0.0738 61 754.6 0.428 1.632 0.751 
6 631. 0.248 1,825 OLOSTH 62 735.7 0.430 1.631 
637.9 0.259 1.811 0.1012 63 0.431 1.629 
& 643.9 0.258 1.800 0.1148 0.432 1.028 0808 
0.%% 1.700 0.1282 65 TAS 0.434 1.627 0.820 
oH 0.435 1.626 0.832 
654.3 1.781 0.142 67 0.436 1.625 0.843 
11 658.8 201 1.772 O.155 0.438 1.623 
12 0.208 1.765 0.168 0.499 1.622 0 S67 
13 0.304 1.758 0.181 
14 0.309 1.752 O.194 703.7 0.440 0.879 
14.7 673.0 0.313 1.748 0.203 72 0.402 
73 5 0.444 1.618 0.914 
15 674.0 1.746 0,207 74 
16 677.3 1.741 0,220 75 768.4 0 446 1.616 0.937 
17 680.4 1.736 0233 v6 769 3 0 448 1.615 0.949 
18 683.4 1.731 0.246 0 961 
19 686.2 1.726 0,258 78 0 450 1.013 
680.0 0,336 1.722 0.271 
21 601.6 0,340 1.718 772.8 0.452 1.611 
2 O41 0.344 1.714 0.297 8! %73.% 0.453 
933 696.5 0.547 1.710 0.310 4 734.5 0.455 1.609 
24 698.8 0.351 1.70% 0.322 83 775.4 
25 TOL.O 0.35 1.703 0.335 st 2 0.457 
26 703.2 0.3% 1.700 85 
27 705.3 0.360 1.697 0.560 0 459 1. 606 
28 "07.4 0,363 1.694 0.373 87 
2), 700.3 0.366 1.69 0.385 795 | 1.604 
711.38 0.309 1.683 | 0.397 
3.2 | OBL | 1.685 0.410 781.0 | 0.453 1 
0.30% 1.681 | 6.435 | T82.6 | 465 1.0) 
618.5 | O39 | 1.65 | O47 
123 5 0.3 1.0% > | O.481 635.6 0.409 1597 
| 126.6 | | 1.607 | | 1 | 0.451 1 506 
| | 1.665 | | = 
4 | 1.663 | 100 | 788.6 | 0.473 | 1504 
| | 1660. | 2 790.0 0.475 | 1.593 
4 1.653 103 | 70.7 | 
4 | 1.656 104 | 491.4 0.477 | 1.501 
4 } 1.652 | 106 792.4 049 1.590 || 
49 1.649 | 198 74.2 0 431 1.589 | 
1.648 | 0.642 | ——- - 
5 1.6146 | 0.654 1) 6 0.483 1.587 | 
r2 1.645 | 0.663 it | 796.3 } ...... 
b3 1.643 | 0.678 112 796.9 0.484 | 1.586 | 
55 } 1.641 0.701 698.2 | 0.486 1 584 
| | i 
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TABLE I.—(Continued). 


ENTROPY = ¢. & 7 ENTROPY = ¢. 


of 


|b. 


ght of 5.4 
ft 


of Water of Steam 
Nu 


of Water | of Steam 
Ne Nw 
in Ranks. in Ranks 


ure 


Absolute Press- 
Absolute Tem 


Nw 
in Ranks. in Ranks 


Wei 


©.529 


0.530 


531 


- 


| 


~ 


1.5 
1.! 
16 
16 
1 
16 
1 
1.6 


rite 


cece 


193 
398 || 175 831.7 1.553 2.074 

16) 790.5 | 408 136 wise | 2.085 

sf 582 433 178 833. 

19 word | 179| 933.5 | .. | 

2 1.551 2.142 

| 0.533 2.153 

Hee 2.164 

0.534 1.550 2.175 

0.535 2 186 

1.549 2.198 

01536 2.200 

2.220 

| 0.587 1548 2.231 

132 1.574 193 x30 8 0.539 2 976 

134 8105 194 $40.3 bio 2.287 
135 811.0 0.508 | 106 841.0 2 310 
| is 197 841.5 0-541 1.545 2.321 
139 70 190) 842.3 2 343 

200 842.7 0.543 1.544 2.354 

144 816.1 0.509 1.567 an ‘ | ‘ | 
+$ 0 | 207 | 6 2.432 
818 We || 209) 84.5 | indi } 2.454 

| 210} £46.9 0.4 2 
0513 1.564 210 |. | 245 

ist | | || ems | ‘ose | | 

5 21 1.502 80 215 | 9 | 
157 R29 0.518 1.561 |] 849.7 | 
Wo} 20 eae 9 | 0.558 2.517 
— 235 856.6 | 0.500 1.533 2.744 
“005 } | 0.562 | 2 500 
2007 || 245 860.2 | 0.564 1.530 | 2.856 

‘ 25 62.0 ; 2.912 
170 929.3 0.526 2 o18 | 200 0.367 | | 
173 | 830.7 0,528 1.554 2 O51 265 7.2 0.57% 

174 | 831.2 2.063 
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7. The number of British thermal units, U, available for work 
in one pound of steam expanding adiabatically from an absolute 
pressure, p (corresponding absolute temperature being 7), to a 


WATER RATES, 


| 


100 120 140 160 
INITIAL PRESSURE BY GAUGE. 


51. 


terminal pressure p, (corresponding absolute temperature being 
7;), with a back pressure equal to terminal pressure, p,, is: 
1 


here D = T — 7,, 
NV, = Entropy or # of steam at 7, 
iV, = Entropy or » of water at 7, 
= Entropy or of water at 7}, 


U;, or the mechanical equivalent of U expressed in foot-pounds= 

778 U; and S, or the corresponding minimum theoretical water 
2,545 

rate =~. The mean effective pressure corresponding to differ- 


U 


* See Appendix C. 
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ent boiler pressures (steam expanding adiabatically to a terminal 

pressure equal to atmospheric pressure) can also be determined; 

WU 


the expression of its value being Jf = where W, 


—=weight of 5.4 eubie feet of steam at atmospheric pressure, «== 
dryness factor after adiabatic expansion.* 

8. Fig. 51, by means of two curves, 1B and CD, gives values 
of the available British thermal units, U, and the minimum 
theoretical water rates, S, for gauge pressures ranging from 60 to 
200 pounds. Table II gives values for U, S and M for the same 
range of gauge pressures. In the calculation of all of these values 
the absolute temperature of both the terminal and back pressure 
has been taken at 673 degrees F., corresponding to 212 degrees 


above the Fahrenheit zero. 
TABLE II. 


Boiier Pressure Minimum Theoretical Corresponding Theo- 


Available Water Rate retical M.E.P 


1 
3 
5 
9 
4 


Cylinder Efficiency. 

9. The eylinder efficiency, FZ, of an engine working between 
given limits of pressure may be determined in three ways: First, 
by ascertaining the ratio of the British thermal units or U, 
converted into work per pound of H,O, to the corresponding avail- 


* The derivation of these expressions can be found in Appendix G. 


P. 5. M 

60 117.0 21 2 

70 126.3 20 2 

133.6 19 8 6 
90 141.0 18 3 

100 147.3 17 3 

110 152.3 16 3 

120 157.6 16 8 

130 162.6 15 3 ; 
140 167.4 15 8 

150 171.7 14 { 

160 175.6 14 4 

170 179.3 14 4 

180 183.2 13 4 

190 186.8 13 4 

200 190.2 13 4 
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able British thermal units or UV, .. = T3 or Second, by ascer- 


taining the ratio of the actual water-rate,* 8, to the minimum 
theoretical water-rate, S, = or Third, by ascertaining the 


ratio of the actual number of foot-pounds developed per pound of 
H.O, U sys to the theoretical foot-pounds, 

10. Of these the second ratio is most readily determined, as 
is a most important determination of an engine test, and S can be 
found on Fig. 51, or Table IT. 

11. “ Engine Tests,” a compilation by Mr. Geo. IT. Barrus, a 
member of our Society, gives the result of a large number of tests 
upon steam engines which he has conducted. These afford current 
data from which values of 2 for well-known popular types of non- 
condensing engines can be ascertained. Table IIT gives some 
ralues based on Mr. Barrus’ tests; it also gives values derived 
from a test made on Mr. Willan’s engine and from a test made 
by Mr. E. G. Armstrong on a single-valve automatic engine. 


Losses. 


12. It will be noted that in none of these tests, except that on 
Mr. Willans’ engine, does the evlinder efficiency, EF, very much 
exceed 0.70; in most eases it is less. The losses which cause this 
lack in efficiency may be grouped in one or two classes. 

13. First, those losses which in the aggregate cause a deficiency 
between the total steam supplied to an engine and that accounted 
for by the indicator diagram at cut-off (or in compound engines, 
at high pressure cut-off). These for brevity may be called the 
Condensation losses. 

14. Second, those which are caused by the imperfect expansion 
of the steam which is accounted for at high pressure cut-off by the 
indicator, so that the work done is less than the theoretical work 
available from this steam, if dry. These may be called the Expan- 
sion losses. 


* A correction of the actual water-rate must be made when superheated 
steam is used, or when steam or water or both from jackets and receivers are 
returned to boilers. Steam supplied to jackets and reheaters should alway: 
be considered in these calculations as part of steam delivered to and used by a) 
engine. 
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15. The relation of these losses to one another and to the eylin- 
der efficiency, EL, can be best illustrated graphically. In Fig. 
52, MPRS represents an ideal indicator diagram, Rankine evcle, 
of an engine whose cylinder is of such capacity that at each stroke 
one pound of steam is used to best theoretical advantage. The 


Mr 


Ss 
Stan wood. J.B. 


R 
Atmospheric 
Am, Bi. Note 


52. 


area in British thermal units, or U, see formula (1) and its water- 
rate, S, can be obtained from Fig. 51; the steam pipe pressure 
being WS, MP represents the volume of this one pound of steam 
at this pressure at cut-off; the terminal equal to the back pressure 
is identical with the atmospheric pressure. 

Suppose, of the volume of steam MP delivered, that MN be the 
portion brought into evidence by the indicator at high pressure 
cut-off. Then NP represents the portion of each pound supplied 


MN 
corresponding to the condensation loss. Let (= yp’ tepresent 
the quality of steam at high pressure cut-off or the ratio of dry 

af’, 
steam to total H.O present at that point; then 1 — (= is the 


VP 
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ratio of condensation to steam supplied, and expresses the con- 
densation losses. 

In the same diagram suppose the indicator card MX YQZ to 
have been taken from an actual engine using a total of one pound 
of HL.O per stroke. The ratio of its area to the area of MPRS 
will be its evlinder efficiency, FZ. If in this engine the part of the 
on pound of 1f,O delivered to the evlinder, condensed in the form 
of water and represented by NP, be entirely eliminated from 
the evlinder at each stroke so that steam remaining is always initi- 
ally dry, then this portion MN (equal in weight to ZY at actual ’ 
cut-off on ecard) would give by complete adiabatic expansion the 
diagram MNTS. The ratio 

MNTS 
work, can be represented by a factor, /, which may be called the 
factor of complete expansion; and 1—F will be the ratio of work, 
lost by incomplete expansion, to the work which is due to the per- 
fect expansion of the steam initially dry at high pressure cut-off, 
expresses the expansion losses. 

16. Upon consideration it will be seen that 

so that, if any two of the quantities 2, C or F are known the 
third can be obtained. FE and C ean only be secured by a eare- 
fully conducted test of a steam-engine; the value of F can be 
calenlated from measurements that may be taken from any in- 
dicator card, for* 


or the actual to theoretical 


M-r 

l’ may be found on Fig. 51, or in Table II, or may be ealeulated 
by (1). 

17. In Table III may be found values of C, 1—C, F and 1—F 
for the engines for which F has already been determined. 

18. When F 1 (all of the expansion losses eliminated) the 
actual ratio of expansion R equals the ratio between the volume 
of one pound of dry steam at initial pressure and its volume after 
complete adiabatic expansion to back or atmospheric pressure. To 
determine the volume of this steam it is necessary to ascertain 
the “ quality,” a, at terminal pressure, for, as is well known, a 
portion is condensed (according to theory) when doing work adia- 
batieally. 


F= 


* See Appendix F. 
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19. This quality is expressed by the factor a2* indicating the 
shrinkage in volume as deseribed. In appendices A and B will be 
found a method of determining its values, and it may be calculated 
by the entropy of steam and water, Table I, as follows: 

Ns, — Nw, 
NVs,;=entropy of steam at terminal pressure. 

In Table IV may be found values of x and F for different 

initial and terminal pressures. 


The Expansion Factor “ F.” 


20. When expansion in non-condensing engines is such that 
terminal pressure does not reach atraospheric pressure, there is a 
“terminal drop” in pressure and F is reduced by an amount due 
to loss by free expansion of steam; or if expansion is so great as 
to give a terminal less than atmospherie pressure, then there will 
be a “* loop” and a loss in /’ due to work in compressing the 
atmosphere. Fig. 59 Appendix A indicates in an exaggerated 
way the relation between the saturation and adiabatic curves; it 


also shows the losses due to a terminal drop and to a loop. 
21. In table LV will also be found values of /° for expansions 
carried to different terminal from different initial pressures, steam 


assumed to be initially dry, expanding adiabatically. 

22. There are other losses which reduce the value of Fs among 
such are: free expansion in clearance spaces, heavy initial eon- 
densation reducing initial pressure at early cut-offs, wire drawing 
through small port openings, radiation, leakage through exhaust 
valves and past piston—these can only be determined by experi- 
ence with separate engines or types of engines. 

23. On the other hand there are some conditions tending to 
increase F’, but at the corresponding expense of C. A leaky steam 
admission valve will continue to pass steam after cut-off and 
thereby increase the apparent work done by expansion. — Re- 
evaporation of steam originally condensed, or condensation of 
steam during the compression period will both add to the area of 


* See “Report of Committee on Standardizing Engine Tests,’’ American 
Society of Mechanical Engineers Transactions, vol. xxiv, page 757; also Willans’ 
“Condensing Trials,’’ Appendix II, in Proceedings of the Institution of Civil Engi- 
neers of Great Britain, vol. exiv, 1893 
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the diagram and increase F. In this way, too, reheaters and 
jackets (whose supply should be a charge against factor C, as not 
appearing as steam at high pressure cut-off) re-evaporated water 
and increase area of indicator diagrams. In some instances FP 
becomes greater than unity; see the case of the single-valve auto- 
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matic engine when operated under light load, tested by Mr. Arm- 
strong, here F==1.11. The writer has found in practice a num- 
ber of such eases in which /'>1, because, as already pointed out, 
with early cut-offs the actual terminal has been raised far above 
the adiabatic terminal in consequence of excessive re-evaporation 
or leakage, or both. 

24. In Mr. Barrus’ tests of a twin Corliss simple engine No. 
31, F increases to a maximum value of 0.945 at short ent-off, then 
with still earlier cut-offs it decreases to 0.62. This is due to the 
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loop at toe of diagram. Mr. Barrus has kindly furnished copies 
of the diagrams taken from this engine, and Fig. 54 is a repro- 
duction of the one having the largest /’—0.951, 

25. This diagram is one of the series where /=0.673; this is 
not the most economical test, as the cut-off is so early that the loss 
in C is enough greater to offset the high value of F. A later eut- 
off with / reduced to 0.92 produces a higher combined effect of 
CF, so that 20.685. The terminal pressure in Fig. 54 is 18 


Sanwood,J.B 


Fig. 54. 


pounds absolute, back pressure 3 pounds; in the test yielding 
highest efficiency the terminal is about 24 to 25 pounds absolute. 
The terminal pressure for highest efficiency in single valve auto- 
matie series is between 36 and 40 pounds absolute; Mr. Willans 
claims with his engines the terminal associated with highest efii- 
ciency to be about 19 to 21 pounds. 


The Condensation Factor “ C.” 


26. The conditions that affect C are not capable of close analy- 
sis. Engineers know that condensation losses are large when 
temperature range is large; when clearance surfaces are extensive 
in proportion te volume of steam admitted; when revolutions per 
minute are small; when cut-off is early; and some believe (Mr. 
Willans especially) that entrained water retained in the cylinder 
each stroke is an important factor in increasing the value of 1—C. 
There are, however, no data nor is there any theory to indicate 


| 
| 
| 
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how much each of these conditions affects the total result. In this 
factor, as originally assumed, there must also be included the 
leakage losses which oceur through the exhaust valves and piston 
before high pressure cut-off takes place, the leakage through the 
admission valves after cut-off occurs and the radiation loss from 
the eylinder during the period of admission. 

27. On the other hand as tending to reduce 1—C there is the 
unknown effect of wire-drawing during admission which may su- 
perheat slightly the admitted steam, or at least dry out some of 


D EC 


A 


Stanwoed.J.B. 


the entrained water associated with that steam; this water should 
not properly be charged to the engine, however, but should be 
deducted from the feed supplied. 

28. These conflicting, varied and uncertain conditions, which 
only the combined skill of the designer, builder and perhaps the 
operator can keep under control, produce a resultant with which 
we are all familiar and which we inelude in the general expression 
“ evlinder condensation.” 


The Effect of Clearance. 


29. Clearance affects the condensation factor, C, indirectly and 
the expansion factor, I’, directly. The result of clearance in re- 
ducing the actual ratio of expansion is well known; conversely if 
a given actual ratio of expansion is required, the greater the 
clearance the earlier the cut-off must be to sceure it. This eondi- 
tion is well illustrated by two diagrams submitted to the Com- 
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mittee on Standardizing Engine Tests, by Mr. Frank Ball, one of 
our members. 

30, They are reproduced in the accompanying Figs. 55 and 56, 
in which # == 1 in both eases; but with the smaller clearance the 
cut-off is about 4, with the larger it is 7g; and the mean effective 
pressure is also nearly twice as large with the smaller as with the 
larger clearance, while the ratio of expansion remains the same. 
Therefore to secure given values of F, large clearances require 
larger evlinder capacity, earlier cut-offs and smaller mean effective 
pressures than small clearances; all of these conditions tend in- 
directly to induce heavier initial condensation. In Table IIT there 
is evidence of this taken from actual practice; in two series of tests 


D 


made with 100 pounds steam pressure, one on a simple twin Cor- 
liss engine No, 31 having small clearance tested by Mr. Barrus, 
the other on a simple single valve automatic engine having lareor 
clearance tested by Mr. Armstrong, sclected so thet J’ is prac 
tically the same in both, the following relation of eut-off, evlinder 
condensation and mcan effective pressure is revealed: 

F = 0.92, Cut-off 0.231, Cyl. condensation = 0.255, m.e.p.= 33.1 1b. 
Single-valve. /’ = 0.901, Cut-off 0 120, Cyl. condensation = 0.380, m.e p.= 19.0ib. 


ol. As to the direct effect of clearance on I’, the raising of 
terminal pressure by the cmployment of large clearances is gon 


erally understood; as a result there is always free expansion witl- 


out work whenever release pressure exceeds back pressure; the 
ame free expansion takes place when compression pressure docs 
iot rise to initial pressure. Both conditions evidently reduee the 
vratue of F’ directly, and are affected by the degree of clearance. 


A 

56, 
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The Effect of Compression and Release. 


32. Some of the effects of compression on factor F have already 
been seen in connection with clearance; indeed the proper treat- 
ment of clearance spaces is closely related to the correct use of 
compression. With no clearance, compression would be impos- 
sible; so with engines of high rotative speed, when compression 
is used as a means for cushioning the reciproeating parts, it 
becomes necessary to supply sutticient clearance into whieh 


cushion steam” may be compressed. 
33. With release, considered independently, the chief object is 
to secure a sufficiently early opening so that the steam may be 
evacuated from the evlinder without back pressure. In engines 
where load is uniform, and terminal pressure is always near to 
the back pressure, the release may he quite late. Whenever 
heavy overloads with high terminals are often maintained, then 
the release should be earlier, as free expansion from a high term- 
inal gives an increased volume to be rapidly evacuated before the 
return stroke of the piston is undertaken, These conditions most 
desirable for release, cannot always be secured without an inter- 
ference with compression, or vice-versa, as both events are con- 
trolled by one and the same edge of the exhanst valve. There- 
fore, with single eccentric Corliss engines, the range of compres- 
sion is greatly restricted by the evils of too late a release: or with 
single valve automatic engines, as the cut-off becomes early the 
release increases abnormally with an increase also of compression, 
34. In this last instance we have a state of affairs tending to 
reduce F, as a high premature terminal curtails the expansion 
and by a terminal drop increases the amount of free expansion. 
This creates a condition similar to that with clearance, due to what 
may be called a low * factor of evacuation,” which favers an in- 
erease also of evlinder condensation, 1—C. This factor, hy, is 
the ratio of the evacuated volume of steam at release pressure per 
stroke to the volume displaced by the piston per stroke; and is 


illustrated in Fig. 52, by the ratio and in Figs. 55 and 56, by 


. AP 
he ratios ; 
the ratios AL 


As the actual ratio of expansion * in Fig. 52. is 


* In estimating the ‘‘actual ratio of expansion”’ from actual indicator cards, 
the ratio of the volume of evacuated steam at release pressure to the volume of 
steam at cut-off pressure, both as accounted for by the indicator, has been selected, 
as such a ratio facilitates the discussion of losses. 
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; fi it follows if & is made smaller and this certain ratio of ex- 
pansion is to be maintained, an earlier cut-off must be used, and 
a smaller mean effective pressure will result, both contributing to 
a larger value for condensation loss 1—C. 

35. Mr. Willans avoided this difficulty in his high speed engine, 
by relieving the working steam evlinders of the duty of eushion- 
ing the reciprocating parts, assigning this duty to an auxiliary 
air evlinder or buffer, In this way he was enabled to reduce clear- 
ance, compression and release, so that k& in his engine as tested 
was about 0.95 and large mean effective pressures for the grade of 
expansions used were secured by late cut-offs, so contributing to a 
low initial condensation. 

36. In Corliss engines, at moderate speed, where but little eush- 
ion is required, & rarely falls below 0.90. If however higher revo- 
lutions per minute come more generally into vogue, double eccen- 
trices are necessary to obtain sufficient release and compression 
and k is bound to diminish. With single-valve automaties kis 
often about 0.60 and with light loads far less. 

37. By avoiding the terminal loop, large clearances with ample 
compression and early release may be more economical on very 
light loads, than small clearance with late compression and re- 
lease. Comparing again the Corliss and single valve automatic 
tests, Table III, the latter are more economical when lightly 
loaded, Fig. 57 gives the curves of evlinder efficiencies FE of 
these two engines for corresponding mean effective pressures; 
for mean effective pressures less than about 18 pounds, the ad- 
vantage in this comparison evidently lies with the single-valve 
engine.* 


The Effect of Varying Loads. 


38. As a variation in the load thrown upon an engine ealls 
for a corresponding direct variation in the mean effective pres- 
sure, it follows that the study of the possible evlinder efficiencies 
or water rates of different mean effective pressures small and 
large will be a profitable one. Especially is this the case since 
the modern method of directly driven electrical machinery has 
decreased the load factor under which engines operate. Compar- 


* Mr. Henry E. Longwell points this out in a communication to the discussion 
on “Effect of Clearance of Steam Engines,’’ Mr. Kingsbury’s paper in Trans- 
actions of the Society, vol. xxiii, page 192. 


14 
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ing an engine continually harnessed to the transmitting mechanism 
of a plant whether useful work is done or not, with one in which 
this mechanism is in operation only when useful work is done, it 


SINGLE ~ VALVE 
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Fig, 57. 


will be found that the range of mean effective pressure will be 
narrower with the former than with the latter. For example, 
Table V shows what the variation of mean effective pressure will 


TABLE 


Dreav Loan. 


EFrective Loap- 15 per cent. of Full Load. 5) per cent. of Full Load. 

Total Total 

M. p. ih. p M.e. p. ih. p 

One-quarter load.......... 14.5 42.6 25 125 
re 23 67.6 30 150 
T iree-quarters load....... 31.5 92.6 35 175 
40 117.6 40 200 
One-quarter overload...... 48.5 142.6 45 225 


be in two eases, where the dead loads are assumed to be 15 and 50 
per cent. of full indicated power, with a variation in useful work 
from } full load to } overload; 40 pounds is assumed to be the 
mean effective pressure of each engine at full load, and the useful 
work done to be 100 horse-power. 

39. When the dead load is small a much smaller engine can be 
used, but with such an engine when operated at light loads the 
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mean effective pressures will be smaller and less economical per 
horse-power than in case of engines with large dead loads. 

40. Therefore if lighter loads prevail good practice has shown 
that to secure reasonably good results, and to bring the mean effee- 
tive pressures for light loads to more economical conditions, it is 
advisable to secure as high a mean effective pressure for maximum 
loads as is possible. This desirability of having large mean effee- 
tive pressures makes it important to know what the theoretical 
mean effective pressures are for different grades of expansion and 
initial and terminal pressures, 

Table IV, giving values for adiabatic expansion, was cal- 
culated for this purpose. It gives for the different initial pres- 
sures 60, SO, 100, 125, 150, 175 and 200 by gauge, and for 
different absolute terminal pressures, p', the mean effective pres- 
sures theoretically attainable. In it are also given values of the 
quality of steam after adiabatic expansion, «; the ratio of expan- 
sion, Rs the faetor of complete eXpansion, F’, which indicates the 
loss due to a terminal loop or a terminal drop; the theoretical 
water rate, S; and the theoretieally available British thermal 
units, (°;. The mathematieal basis of this table may be found 
in appendices B, C and D. 

12. A chart, too, has been constructed from this table (Fig. 
53) showing the relation between mean effective pressure, ratio 
of expansion, and water-rate for different initial pressures. The 
base line of the chart measures the mean effective pressure 4 
the left hand vertieal seale the water rates, and the right hand 
vertical scale the ratios of expansion, The curves representing 
water rates for varving mean effective pressures at different pres- 
sures, by gauge, are those of a hyperbolic type, at the left and 
lower part of chart; the curves representing ratios of expansion 
are the long sweeping ones extending from the upper left to the 
lower right hand corner. To tind, for example, the theoretical 
mean effective pressure and water-rate for 4 expansions at 125 
pounds pressure—on the line passing through 4 on the right hand 
seale—tind its intersection with expansion curve for 125 pounds. 
Vertically below this, 63 mean effective pressure is found on the 
base line. Following up the vertieal line passing through 63 mean 
effective pressure to its intersection with the water-rate curve for 
125 pounds, 17 + pounds will be the water-rate desired. 

43. The ratio of the mean effective pressures of practice to the 
theoretical mean effective pressures of the table at different ex- 
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pansions may be expressed by a diagram factor, d, which is made 
up of perhaps three other factors; one of these is the factor of 
evacuation, /, whose influence has already been noted. For in- 
stance by table IV the theoretical mean effective pressure for an 
engine without clearance, with 100 pounds initial pressure, ex- 
panding 4.62 times to a terminal of 20 pounds abs. is 43.5 pounds, 
but if by assuming a clearance so that (all other diagram losses 
neglected) 4 == 0.9, the mean effective pressure will be reduced to 
0.9 X43.5 = 39.2 pounds; or, if k = 0.6 then mean effective pres- 


A 


D 
! E Atmosphere 
G 
Stanwoed,J. Am. Bk. Note Co.,N_Y. 


sure = 26.1 pounds. This diminution may occur without in any 
way affecting the value of /’, because the release, compression and 
cut-off may be reduced in such proportions that the initial and 
terminal pressures remain always constant. 

Another factor of d is one that may be ealled the wire-drawing 
factor, g, it gives the reduction of the theoretical diagram as a 
result of throttling, or pressure reduction during the period of 
admission; usually it does not affect either the cut-off, compression 
or release, and has but a slight influence at ordinary loads on F. 
Fig. 58 shows the effect of wire drawing and the degree of re- 
duction in the mean effective pressure as expressed by g; here 
ABDGH represents the mean effective pressure for, let us say, 


| B 
| \\ 
\ 
Fia. 58. 
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y expansions from an initial AB to a terminal pressure at D, AB 
representing the volume of one pound of steam at initial pressure. 
If the cut-off pressure is reduced by wire-drawing to C, so that 
aC’ now equals the volume of one pound of steam (nearly) at cut-off 
pressure, then with y expansions the terminal pressure drops to FF, 
which is lower than DG, The area ABDGH approximately equals 
ACEFII, for ABC will nearly equal DEFG so that the factor 
F* is but slightly affeeted. By inspection it will however be 
found that this modification of the diagram reduces the mean 
effective pressure because the mean effective pressure ACE FH 
measured on //F is less than that of ABDGH on HG, and smaller 


by an amount of some ratio varying about as 


Ce 


HH. The third factor m, made up of minor deticiencies in the 
diagram, such as free expansion in clearance spaces, back pres- 
sure, wire-drawing at release or compression, and in compound 
engines losses due to free expansion and wire-drawing in receiver 
and connecting pipes, cannot be definitely determined, but its 
direct effect is to reduce the value of F. In simple engines m is 
smaller than in compound engines as there is no chance for inter- 
mediate losses between the cylinders. Algebraically we can ex- 
press the resultant of these factors as d—kgm. The following 
Table VI gives the values of these quantities for three simple and 
two compound engines, as tested, assuming g =F 

TABLE VI. 


3 
DIAGRAM FacTORS AND COMPONENT PARTS FROM PRACTICE. d = kgm = 


Diagrs 
Actual | Theoretical “factor 


ENGINE TESTED. M.e.p. | M.e.p. 


Corliss No. 1 3.12 91 

4-Valve Gridion type, 20b 24. ; | .93 

Single Valve, Compound, 54.... 3.3 ae ‘ 
4-Valve, Compound, 46B 52. 66 | 93). 


45. The indirect effect of a small value of d on the condensation 
loss, 1—C’, is to increase it, for the tendency with a small diagram 


* F may be seriously affected by initial wiredrawing if the terminal is so low 
as to form a loop, while if the initial pressure is maintained to point of cut-off the 
loop is prevented. 


| &. q. m. 
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factor (for any desired degree of expansion) is to cause the cut- 
offs to be earlier and the cylinders larger than otherwise would he 
the case, with consequent increase in cylinder condensation per 
volume of steam used. 

46. From this general survey of conditions affecting C and F 
it appears that the one great contributing cause to an increase in 
evlinder condensation, 1—C, is what may be ealled a conspiracy 
on the part of most systems of steam distribution to reduce the 
amount of mean effective pressure that should theoretically be 
secured per given ratio of expansion; as a result, earlier cut-offs 
and larger eylinders have to be used to seeure the degrees of 
expansion necessary for economy than otherwise would be the ease 
if more nearly theoretical conditions obtained. 


47. In conclusion: as modern practice exacts the employment 
of smaller mean effective pressures than formerly on account of 
greater variations in load, it becomes interesting to examine the 
performance of different types of engines and note which give the 
highest economy with light loads or small mean effeetive pressures. 

48. If } delivered full useful power with a dead load 15 per 
cent. of full load be taken as the lightest worthy of consideration, 
then 14 pounds mean effective pressure represents the correspond- 
ing mean effective pressure for a full load of 40 pounds. Table 
VII gives such results as are usual with simple Corliss and sing]- 
valve engines and compound single-valve engines with about this 
mean effective pressure. 


TABLE VII. 


Usvat WATER RATEs, ETC., AT 14 Pounns M. F. P. 


Water-rate Boiler 


about. Pressure R. p.m 


Lb Lb. Lb 
Corliss, Simple........ 25 100 
Single Valve, Simple............... 35 100 280 
Single Valve, Compound............ 29 130 270 


49. This shows at a glance the advantage of the single-valve 
compound engine for this load; but these values should be con- 
sidered in connection with the average conditions of maximum 
economy and capacity, see Table VITI. 
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TABLE VIII. 


UsvuaL MAxtmumM EcoNOMIES AND CAPACITIES. 


Maximum Economy. MaxXimu™M CAPACITY 


Water-rate Boiler 
about M.e Pres-ure 
: Lh wD. Li 
Corliss, Single ‘single eccentric)... . 26 : 100 
Single Valve, Simple............. 30 f j 100 
Single Valve, Compound........... 23 3 . 130 


50, From these exhibits it appears that the single-valve coni- 
pound leads except as regards one point, viz., that of capacity; 


and this to so great an extent that if designed for ! overload, the 
mean effective pressure for } load falls below 14 pounds, and the 


economy is net much better than the other at 14 pounds. If this 


TV pe of engine ean be developed so that its capacity ean be in- 
creased without a corresponding interference with its other good 
qualities, its general simplicity warrants its becoming a commer- 
elal success. That there is a chance to secure reasonably wood 
economy with small ratios of expansion for overloads is shown by 
Table IV and Fig. 56.) There is also ample room for increasing 
the eflicieney, especially if a reduction in the largest loss- evlin 
der condensation—ean be effected; large diagram factors, @, are 
instrumental in helping this reduction, 
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OO, = absolute pressure ; SW = atmospheric pressure, or 


v, KS 


For any pressure, p,, = quality of steam. 


1 


TS 


For po, atmospheric pressure « = TS 


* MNT,S = Area of theoretical diagram, / = 1. 
KT. L = Loss area when terminal p, > 
T,WB, = Loss in area when terminal p, < p». 


APPENDIX 2B. 


The quality of steam after adiabatic expansion 
q 
a? + ah 


Entropy diagram (Fig. 60) by « = —— (see A. 


ay, 


is shown on 


S. M. E. Pro- 


ceedings, Volume XXVI., page 757). But N, = y), Vy = y,, 


Fie 60. 
= ya and N,, = y,a,; therefore, ar + ab = 


n 
= “16 


N, — Nyy, and 


f Fig. 60, Appendix A. 


A B 
b 
Q | 
| ! 
| 
| 
| 
| 
| 
0° 
a r Stanwood,J.B. 
Nw 
ad, = Ni, — Ne, 
Na 
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APPENDIX 


U=Areaah+ S= Rh + (8S + Q)— Q, (Fig. 60), but D= 
T — T, and in British thermal units, D = = area aana; R= 
D(N, - Ny) + D- (Ny = D1 +N, -— - 
(N« — Nu). 


APPENDIX PD. 


If expansion does not reach back pressure, but p, a terminal 
greater than p,, the back pressure (Fig. 59, Appendix A), then to 
value of 7 of Appendix C must be added the work, ~, in British 


He, 
thermal units done by area (p, — p,) %, or wu = one (Pi — Po) M13 


and =U + «(being calculated for temperatures of p and 
But v, = Vie = —. w, = weight of 1 cubic foot steam at p, pressure. 
— W,=5.4w, See Table I. 
(pr — po) Table I 


= + N, — Ny) 7) — Nu) + 


U 


U , in Table IV. has been calculated by this formula. 


APPENDIX £ 


To determine from any indicator card U,, the actual British 
thermal units converted into work per pound of steam accounted 
for by indicator at high pressure cut-off, divide the total work 
done per stroke by the weight of steam per stroke accounted for 
at high pressure cut-off. Let Jf == mean effective pressure, or if 
compounded the referred mean effective pressure; I == stroke in 
feet; A= area in square inches of high pressure piston; w= 
weight of 1 cubie foot of steam at high pressure cut-off pressure; 
W == 5.4 w; b= fractional part of high piston displace- 

* Sclicatanily the factor 2 was nial: in the communication by the 
writer to Committee of Standardization of Engine Tests—see formule 1 and 3, 
pages 815 and 816, vol. xxiv, American Society of Mechanical Engineers Pro- 


ceedings. 
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ment oceupied by the steam accounted for by indicator at high 
pressure cut-off pressure ; r= ratio of high to low pressure piston 
areas, 


MLA 


Then total work in British thermal units per stroke =~ __ (a) 


ALAw 
and weight of steam per stroke at high pressure cut-off = or 


144 
J 
(a) divided by or = = or if compounded 


Os Wh 


APPENDIX 


U, Mor 
To determine from any indicator card, = por UWh: 


being determined by Fig. 51 or Table I]. 7) also = Sor water 


rate as caleulated at high pressure cut-off divided by minimum 
theoretical water rate of Fig. 51 or Table II. 


APPENDIX 


To determine mean effective pressure for adiabatic expansion, it 
is first necessary to determine the foot-pounds of work done per 
stroke in an engine using 1 pound of steam per stroke, If this 
steam be supposed to be acting in a cylinder whose piston area - 
144 square inches, then the volume of adiabatically expanded 
steam in cubic feet equals the stroke in feet. Now the foot pounds 
of work per stroke == 778 U; the volume of expanded steam - 


M 
if mean effective pressure, then 144 = 778 
Ww; 


5.4 wl” W, 
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No. 1063.* 
CENTRIFUGAL FANS. 


BY AUGUST J. BOWIE, JR., SAN FRANCISCO, CAL, 


(Non-Member.) 


1. The design of centrifugal fans has a field peculiarly its own, 
and while it is true that the same general laws govern the design 
of centrifugal pumps and fans, still the difference in the nature 
of the fluids, air and water is so great that a design suitable for 
one cannot often be used to advantage for the other. 

2. Losses of energy are of course inseparable from any form of 
mechanical apparatus, but the proper and most efficient design con- 
sists in proportioning properly these losses and not allowing any 
one to become excessive. 

3. The losses in a centrifugal fan may be classified in general 
as follows: 

(1.) Loss due to a sudden change of velocity of the air. 

(2.) Loss due to sudden change of direction of the air. 

(3.) Loss due to air friction. 

(4.) Loss due to back slippage of air past the running rings. 

(5.) Loss due to eddy currents. 

.) Mechanieal friction in the bearings. 

Loss 1, Sudden change of velocity. When the velocity of 
a body of air is suddenly increased or decreased there will be a 
loss of head, and consequently of energy, due to impact. The 
loss of head due to this cause will vary as the square of the speed 
of the air, provided the ratio of velocities be constant. Sudden 


change of velocity of any magnitude should be avoided as much 
as possible, 


5. Loss 2. Sudden change of direction. This loss is similar to 
the previous one, and should be particularly avoided where the 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 
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velocity is great or where uniformity of velocity is desired for 
other reasons. 

6. Loss 3. Air friction. Loss of head due to this cause will 
vary as the square of the speed. In a properly designed fan the 
losses due to the first three causes will be so proportioned that 
their sum is a minimua, This determines in part the design of 
the easing. Of course the casing should be as smooth as possible, 
and all parts of the fan should be so constructed as to offer a 
minimum in the nature of obstructions to the flow of the air. 

7. Loss 4. Back slippage of air. This is a local circulation of 
air within the fan and easing. This loss may be eut down by 
reducing the area past which the air can cireulate. This means 
a reduction of the mechanical clearance of the running parts of 
the fan. In the ease of a closed runner the running rings should 
be so constructed as to render it difhienlt for the air to circulate 
past them. With centrifugal fans considerably more clearance is 
required than with centrifugal pumps, where water lubrication 
of the running rings allows the use of very small clearances. 

8. Loss 5. Eddy currents. In some fans this is quite a serious 
source of loss. To avoid this loss a thorough understanding of 
the action of air in motion is decidedly necessary. 

9. Loss 6. Bearing friction. This loss is of two kinds: First, 
that due to the natural friction of the dead weight of the fan, 
and secondly, that due to lack of balance of the fan. The loss 
due to the latter cause is apt to be very serious, owing to the high 
velocities of revolution, and to impair very materially otherwise 
excellent results. It is perhaps needless to add that the losses due 
to bearing friction depend very much on lubrication of the bear- 
ings, and that self-oiling bearings should by all means be used on 
such high-speed machinery. This is particularly true if there is 
any unbalance of the runner, when the bearing friction may b 
a comparatively large proportion of the total input. 

A study of the flow of air is of great assistance in fan design 
To attempt to make air flow in certain fixed paths without du 
consideration of whether it can be forced through those paths at 
a uniform velocity is certainly not the right way to approach t! 
subject. The usual result of such a procedure is that the flowing 
air will not fill the channels through which it must pass, thus re- 
sulting in a very unequal distribution of velocity, and consequen' 
loss in eddy curents and in other ways. 

10. A graphical plot of the lines of flow and the velocities of 
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the same is perhaps the best method of studying the action of air 
in motion. ‘To obtain results suitable for making such a plot an 
anemometer is practically out of the question, being entirely too 
large to use for any such purpose, besides being open to other 
objections. 

11. By means of a Pitot tube rough approximations may be 
made of the velocity and direction of flow at any point. However, 
the pressures obtained will, in many instances, be so complicated 
by an existing state of pressure of the air as to render the read- 
ings of the gauge of little value as a means of indicating the 
actual velocity of the air. This, too, in cases where it would seem 


A 


Lowte, ASS r Am. Bk. Note Co.,N_T- 


Fig. 61. 


almost incredible that a state of pressure different from that of 
the atmosphere could exist. 

12. With the idea of obtaining a suitable velocity gauge for 
air, Which would be independent of any existing state of pressure, 
the writer designed the following apparatus. Two small brass 
tubes were soldered together side by side. Openings were made in 
these tubes, directly opposite to each other, 180 degrees apart. 
In order to have the holes as nearly opposite in direction as pos- 
sible, they were formed by soldering a small piece of tube on the 
end of each tube, so as to form a kind of right angle turn. These 
pieces were then filed down so as to make the ends of the tubes 
practically no larger than the remainder of the tubes. Rubber 
tubing connected the other ends of the brass tubes, to the two 
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sides of a sensitive differential pressure gauge. The brass tubes 
were mounted so as to turn about their axis, in a suitable head 
provided with a scale, laid off in degrees. The tubes themselves 
carried a pointer for the scale. 

13. The idea of this apparatus was as follows. If a small tube, 
with an opening in one side, be placed in a body of fluid, flow- 
ing at a uniform velocity, normal to the tube axis, then the result- 
ing pressure in the tube will be the sum of the static pressure of 
the fluid, and of the dynamie pressure of the fluid, impinging on 
the opening. According to theory, the dynamic pressure will vary 
from the pressure due to the velocity head, Pv, to — Pv, as the 


+ Py A A 


Pressure 


—Pv 


} 
| 
Bowie, A.J.Jr D ‘Am. Lk.Note Co.,N 
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tube is revolved; being + Pv, when the opening is direetly opposed 
to the flow of fluid; O, when the opening is 0 degrees from this 
position, and — Pr, when the opening is 180 degrees from the first 
position. 

14. The tubes were to be placed in the path of flow of air, 
and normal to the same. The statie pressure would be equalized in 
each of the tubes and the pressure difference would be due to 
dynamic pressure alone. This would vary as the tubes were re 
volved; being a maximum when the opening in one was direct|) 
opposed to the flow of air, and the other tube was in consequence: 
subjected to the negative pressure due to the velocity of flow. 
Calling the static pressure Ps, the pressure in the first tube would 
be Ps + Pv, and the pressure in the second tube would be Ps - 


| | | | | 
| Cc | 
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Pv. The pressure difference would be 2 Pv, — a maximum. From 
this the velocity could easily be caleulated. As this maximum 


point of pressure differences would be at the flat portions A and C : 
of the pressure curve, theoretically obtained by revolving a Pitot . 
tube in a stream of air (see Fig. 61), it would be difficult to ascer- z 
tain, at all accurately, the direction of flow therefrom. Hence it - 


was intended to use a zero method to attain this end. In other 
words, the direction of flow of air, was to be found by equalizing 


the pressures in the two tubes. This point of equal pressures 
would occur at BD, when the line of the openings in the tubes 
was normal to the line of flow of the air. 
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15. However, when the zero method was tried, the results were 
rather indefinite and unsatisfactory. In order to see the reason . 
for this a test was made, utilizing only one side of the double tube, 
and opening the other side of the differential pressure gauge to the 
atmosphere. The tubes were then revolved, and pressure readings 
and corresponding angular readings were taken. The result of this 
test is shown in the eurve Fig. 62. The curve is in the nature of a 
W, having two maxima and minima. The point of maximum pres- F 
sure is when the opening is directly facing the stream of flow. q 
The points of minimum pressure are at right angles to this line 7 
of flow, while at 180 degrees from this line of flow is another 
maximum point. It has usually been considered that the last men- 
tioned point was a minimum, and that the points where the open- 
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ings were normal to the line of flow, would give readings inde- 
pendent of the velocity of flow. Instead of this, we find that the 
conditions are approximately that the point where the opening in 


Rad.Vel.Ft.P.M. at A-B 
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the tube is opposed to the flow, will give a pressure Ps + Pr; 
the 90 degree points give Ps—Pv; while the 180 degree point 
gives Ps. This statement is a rough approximation, and will, of 
course, vary somewhat with the form of the tube. The reason 
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why the apparatus had failed to work accurately on the 90 degree 
points, is apparent. J and D (Fig. 62) were these points, and 
except for the fact of being a zero method, it would have been 


Rad. Vel. Ft.P.M. at A-B 
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mpossible to have found two more unfavorable points for a dif- 
erential reading. 
16. Next, the two tubes previously used, were shifted around 
0 degrees, so that the two openings were at right angles to each 
15 
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other, instead of being 180 degrees apart. (See Fig. 63.) Theeffee: 
of this was that a maximum reading was obtained at AB, or AD, 


and a zero reading at LF. This maximum reading was about twice 


Rad. Vel. Ft.P.M. at A-B 
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as large as had been previously obtained; and the zero reading wa- 
at the most sensitive point on the seale, the slightest variation ot 
angular position of the tubes making one pressure go up and thie 
other fall rapidly. The gange, as altered, became so exceeding] 
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sensitive, that with the comparatively erude apparatus used, it was 
an easy matter to get the correct angle of flow of the air within 
$ degree, The gauge was calibrated both for angular position, and 
for pressure, by placing the tubes in a stream of air, flowing with 
a known velocity, and in a known direction. 

17. With the aid of this apparatus, it was a comparatively 
simple proposition to determine exactly what was going on at 


any point in an air path not cut by moving vanes. By boring a 


small hole in a fan casing close to the periphery of the fan, it 
became possible to tell just how the air was leaving the runner 
of the fan, both as regarded velocity and direction. By mounting 
the tubes and head in suitable @uides, readings could be taken 
across the face of the fan, and the surface distribution of air 
plotted ont. In order to get the actual delivery at any point in the 
he fan, the velocity of air at that point should be multi- 
the sine of the angle that the direction of flow makes 
with the tangent to the cireunmferenee of the fan at the point in 
tion. Iv the proper use of thus apparatus, the presence of 
may he discovered, and suitabl provision Mav be made in 
design of the fans, to climinate them. 

Is. The writer has obtained some very peculiar results b 
plving this method of testing to obtaining the radial discharge 
from tans: and the radial discharge is the true criterion of th 

ot air actually delivered from the periphery of t] 
rtain single suction fan, when run b 
eave all the discharge from the sides of the m 
center of the face of the runner was act rally on the 
podnit of starting to go the other wav. This was an example of bad 
distribution of air. 

1%. A uniformly distributed flow of air is, of course, conducive 
to better results, though some fans show a fair efficiency 
f poor air distribution. Waste space is a thing to be avoided in 
fan design. It serves merely as an aid to eddy currents, with their 
nevitable losses. 

20. Figures 64, 65 and 66 show some results obtained with vari- 
us runners. The figures show half sections of the runners, and 
ie radial velocities of discharge from the periphery of the same. 

Owing to the erudeness of the apparatus used, and to the fact that 

ie tubes were of necessity some short distance from the 
veriphery of the fan, to allow running clearance, the results are 

it strictly accurate. Still they show quite clearly some rather re- 
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imarkable distributions of air. Fig. 66 shows in addition to the 
peripheral radial discharge the radial velocits of the air entering 
the fan, manifesting a very unequal distribution of velocity. In 
fact, the air is entering radially through only about two-thirds of 
the runner, and is actually flowing back through the other third. 


DISCUSSION, 


Prof. Carpenter.—Xs have been making experimental 
investigations of centrifugal fans to greater or less extent during 
the past ten years, | read the paper which Mr. Bowie has written 
With a good deal of interest: but Tam very sorry to say that | 
cannot find that he has added inany way whatsoever to our stock 
of knowledge regarding this important class of machinery. 

[am not certain that T disagree with any of the very general 
propositions which are stated, as they are of the fundamental kind 
Which are evident to any student of the subject. In paragraph 
I) the statement is made, waste space is thing to be 
avoided in fan design.’ Tf Mr. Bowie means by this statement 
that a large clearance space is not desirable between the fan- 
wheel and the easing, I should most emphatically disagree with 
him, for the results of an extended series of experiments have 
shown that clearance space between the casing and the fan-whee] 
is of vreat importance. Ina large measure the efficiency of the 
centrifugal fan increases with the form and capacity of such 
clearance space. The form of the casing and the form of «is- 
charge pipe are matters of creat linportance, practically as well 
as theoretically. 

In paragraph 11, the statement is made that *t by means of 
a Pitot tube a rough approximation may be made of the velocity 
of flow at any point.” Ile then proceeds in the next paragraph 
to describe as a new and ** suitable velocity gauge for air’? an 
exceedingly crudely constructed Pitot tube, with which he ob- 
tains some results which are novel, to say the least, and are 


hardly explained by anything in connection with the paper. 

I object especially to the statements that the Pitot tube is an 
instrument suited only for rough approximation in this work, 
and also to the implication that the tubes shown as something 
new are not forms of the Pitot tube, and that they are essentially 
different from those previously used by other investigators. 


xe 
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The accuracy of the Pitot tube for measuring water has been 
Well established by exhaustive experiments on many forms of noz- 
zles, and also in connection with various differential gauges. 
See paper by Williams, Hubbell and Fenkell, Trans-American 
Society Civil Engineers, 102; also paper by W. M. White, 1901, 
Association of Engineering Societies, and by W. B. Gregory, 
A.S.M.E., Vol. NX V. Trans. Am. Soc. Mech. Engineers. The 
accuracy of this tube for measuring air was established by the 
Prussian Mining Commission in Iss4, who calibrated various 


measuring appliances by aid of a large gasometer which con- 


tained 7,000 cubic feet, and [ have used it extensively for pur- 


poses of measuring the velocity of air. 

Mr. William Crane—Are anv of the members familiar 
With the Sirecco fan? As understand the paper it alludes to 
the fan as ordinarily planned. The Siroceo fan is a new affair and 
does not have the large fan blades. It has blades something like 
the blades of a steam turbine, about an inch wide, and the jnol- 
lows of these blades run towards the wind, that is, the wind is 
driven from the hollow. They require a great deal less power, 
and, with the same power will deliver a great deal more air. 

Mr. Aug. J. Bowie, Jr.*—Protessor ( ‘arpenter has stated, with 
reference to the curves shown in Figs. 64, 65 and 66, that they are 
not explained by anything else in my paper. 1 fail to understand 
how any one whe has read the paper carefully ean tind these 
curves to be anything except a perfectly logical conclusion of the 
paper, the main part ef which deals with the study of the tlow 
of air, including the particular form of apparatus found to be 
Inost advantageous for investigating the same. This is followed 
lv the practical application of the method, to ascertaining the 
conditions of flow at entrance to the runner vanes and at exit 
therefrom. The conelusions drawn from the tests showed certain 
points which should be avoided in fan design: some of the objce- 
‘tionable points in the three designs of runners shown being plainly 

rought out. 

I began mv paper by studving the six laws on which depend the 
fieient design of fans. As Professor Carpenter has stated, thev 
re of the fundamental kind. Still, as Professor Carpenter has 
wide such a thorough study of fans, he must be aware that most 
f the fans built here are constructed in direct violation of most 


* Author’s Closure, under the Rules. 
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of these fundamental laws. Possibly this is due in part to a 
desire to cheapen the fans, and from this point of view is cer- 
tainly successful. Still the result is obtained at such a sacrifice 
of efficiency that were a purchaser aware of the same, le would 
not hesitate to pay a much higher price for a higher ctticieney 
fan. Sinee this state of atfairs exists, these fundamental laws 
are certainly worthy of mention. 

With regard to the statement that waste space was a thing to 
be avoided in fan design, TI referred, as would naturally be in 
ferred from the context, to Waste space in the path throueh 
Which the air must pass in its journey through the fan casing. 
This is well exemplitied in the fan in Fig. 66, where the entering 
air is tlowing back into the fan through about one-third of the 
space, where the air should be entering the runner, This space 
is a positive detriment, and serves only as a source for eddy eur 
rents. To owas under the impression that the paper had bronght 
eut clearly the faet stated in the last punt of Paragraph 9. whiel 
Up, means the followine. tte too air Ile 
In certain paths without due consideration of whether it can b 
forced through those paths, at uniform veloceitv. will usually 
result in the air not filling the channels of thow, and. henee. in 
an unequal distribution of velocity, with consequent eddy current 
lost. The three fan ar signs shown clearly represent Poor Ve locity 
distribution. 

In Paragraph 11, T made the statement that by means of Pitot 
tubes, roueh approximations be made of the velocity and 
direetion of flow at any point. This statement was intended to be 
general, and not te apply in the narrow sense in whieh Professor 
Carpenter takes it. Toby no means meant to state that under cer- 
tain conditions the Pitot tube eannot be used as an accurate 
velocity gauge, but that in the general ease, where a state of 
pressure existed to complicate matters, its reading would be of 
doubtful value, unless suitably ealibrated. For example, T took 
a regular Pitot tube and revolved it in a current of air tlowing 
uniformly through a pipe, and obtained results similar to those 
shown in Fig. 62, and not like the results of Fig. 61. Consider, for 
example, the case of determining the velocity and direction of 
air flowing from a runner within the easing. The air discharged 
from the periphery of a runner is discharged with a certain 
velocity, and is also under a statie pressure in the casing. To 
attempt to determine the velocity and direction of the air with a 
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tingle Pitot tube, would be a laborious and uncertain proeceed- 
ing, as is apparent to one who bas studied the subject. A double 
tube and differential gauge were obviously a great improvement 
over a single tube. oT fail to understand from what Professor 
Carpenter draws his inferenee as to IN miplication that the de- 
vice T have used is not a form of Pitot tube. The taet of tasten 
ing together two Pitot tubes seems hardly necessary to explain 
ix adaptation of the Pitot tube. The line ot litte rential 
in this connection is so old) that it SCCTIS hardly fitting to state 
such oa faet before an engineering sock Hlowever, the usual 
form of sucha double Pitet tube is with the openings in the tube 
degrees apart. In fact, according to the the Ory 

tube. such would be the proper arrangen 

llowever, since big. 62 


affairs, this theory is Ineorrect 


ssity of OO deerees 


results in particular with 


air, whieh here was highly explain dl, 
ength, the apparatus used and th 
tion, With regard to Professor ¢ 
exceedingly crudely constructed 


in order to get point measurements « 

necessary to have sueh a form of gange without extended ends, 
and that thengh the @wauwe was erudely constructed, the faet that 
lL was enabled to read the directions of air within one-half dear e 
with ease made the imstrument amply satisfactory from a practical 
standpoint, and brought ent very elearly what was desirous of 
ascertaining, namely, the radial velocity distribution of air at the 
periphery and at entrance to the fans. 

With regard to Pitot tube measurements, | might mention one 
ease which seemed rather strange at tirst sight. [To was eonduet- 
ing some experiments using a bex of, into which air was forced 
under pressure from a centrifugal fan. In the front end of the 
hex was an opening consisting of a short piece of pipe P, with a 
tlange I soldered To it. I took a piece of sheet iron, S, much 
larger than Fy and held it up against the flange PF. To my sur- 
prise, when but a short distance from F, it was sucked up te it 
quite strongly. As there was a pressure of 15 ounces in the box 


H 
nately the state the double 
though. of course, it ean be used as a secondary instrument 
sllitable 
Po show the divergence of openings to 
of flow o 
some 
to its ad 
about 1] 
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at the time, T was at a loss to account for such a thing. Finally, 
IL discovered that F had been loosened at the baek from P, allow- 
ing a small leak of air between to shoot out radially. 1 next put 
a Pitot tube in the space By and obtained a negative reading. 
Ilowever, on turning the tube in all directions, the reading re 
mained the same, showing a partial vacuum and no tlow of air. 
This was caused by the leak, though it was so small that the 
hardly secmed probable. 

In another experiment, LT made measurements on the flow of 
air around certain short curves, attempting to use a single Pitot 
tube for ascertaining the velocity, Of course, the velocity was 
highest at the outside of the eurve, and gradually diminished 
toward the inside, The readings of the rauge connected to the 
Pitot tube went from a positive value at the outside of the curve 


Ir 


Fic. 66a. 


gradually to a negative value toward the inside, the lowest neg 


ative value remaining constant over a certain area. This appar 


ently indicated a flow of air where the negative values oceurred. 
ITowever, on revolving the tube, the negative values remained 
constant, showing that there was no flow of air. Tenee, it is well 
to use a little caution in jumping at conclusions on the results of 
single readings of Pitot tubes. 

I have designed fans, as nearly as possible, in conformity with 
the six fundamental laws laid down in the paper. Part of the 
design was determined theoretically, and part from practical tests. 
The efficiency tests of these fans have been so satisfactory as to 
justify, bevond a doubt, the fact that my conclusions were cor- 
rect. In comparison with fans on the market here, the efficieney 
was very much higher, and one result of this was that, though 
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the fans had the same size suetion, same diameter, same angle of 
vanes at periphery, and a smaller width of fan at periphery. still, 
owing to the decreased losses, the output of the fan was consider- 
ably higher than that of other makes of fans on the market here, 


when run at the SHINE 


The same general principles of design brought ont in my paper 
will apply equally well to fans of the Sirocco type. 
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No. 10614.° 
THE BURSTING OF FOUR-FOOT FLY-WHEELS.4+ 


BY CHARLES H. BENJAMIN, CLEVELAND, © 


Member of the Society.) 


1. Experiments made hitherto by the writer and deseribed 
in former papers have been confined to the testingof wi 


heels, whose 
diameters were two feet and less. The first wheels experimented 
upon were only fifteen inches in diameter and could be rewarded 


as models, nothing more. Enoueh was learned from these tests 
to make further investigation desirable, and in suceeed 


ling vears 
wheels twenty-four inches in diameter, of various types of eon- 


struction and of various materials, east-iron. steel and wood 


were tested to destruction. 


Presented at the New York meeting (Deeember, 1004 the American 
Society of Mechanical Engineers, and forming part of Volume NXVIL of the 
Transactions. 
+ For previous discussions on this topic consult Transactions as follow 
No. 8&5, vol. iii: The Fly-wheel.” William) Johnson, See 
Machinist, May 13, 1882.) 
197, vol. xiii., p. 618: Novel ly wheel.” Charles IT. Manning 
515, vol. xiv., p. 251: ‘* Strains in the Rims of F y-band-wheels Produced 
by Centrifugal Force.” J. B. Stanwood. 
. 969, vol. xv., p. 47: * Strength of Rim Joints in Fly-band-wheels.” 
Stanwood. 
0. 621, vol. xvi, p. 208: “ Stresses in the Rims and Rim Joints of Pulley 
Fly-wheels.” Gaetano Lanza. 
76, vol. xx., p. 125: Note on the Strength of Wheel 
Mansfield. 
. 800, vol. xx., p. 209: ‘* The Bursting of Small Cast-iron Fly-wheels.” 
Benjamin. 
823, vol. xx., p. 944: Nolling-mill Fly-wheels.”) John Fritz. 
885, vol. p. 262: A Broken Fly-wheel and How it Was Repaired.” 
James MeBride. 


Rims.” 


. 859, vol. xxi., p. 317: ‘* A Note on Fly-wheel Design.” A.J. Frith. 

. 907, vol. xxi., p. 995: “ Determination of Fly-wheels to Keep the Angular 
Variation of an Engine Within a Fixed Limit.” J. I. Astrom, 

. 921, vol. xxiii., p. 165: “ Bursting of Small Cast iron Fly-wheels.” C,H. 
Benjamin. 
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2. The interest taken in these experiments seemed to warrant 
earrving them further on a larger seale, such as would cor- 
respond with sizes actually in use. Four feet was selected as a 
limiting diameter and a evlindrieal steel casing was built having an 
internal diameter of tive feet. Figs. 67 and 68 show the exterior 
and interior appearance of the casing when completed. The rim 
or shell was made of steel 1} inches thick, having a tensile strength 


of about 65,000 pounds per square inch, The upper and lower 


67.—Tue Castna in Position 


halves of the rim were flanged at the junction and bolted to- 
gether by one-inch steel bolts. The sides were of steel § inches 
thick, dowelled to the rim and secured by through bolts outside 
and inside the rim as may be seen from the illustrations. 

3. It was not deemed safe to conduct these experiments inside 
a building, and subsequent developments proved that it would 
not have been safe, for the building at least. The casing was 
therefore located just outside the building where the tests were 
to be made, in a pit or excavation lined with brick, as is shown in 
hig. G7. The tlanges of the lower half rested on brick piers and 
were bolted in place. The entire upper half of the casing could be 


hoisted up, giving access to the interior for setting or removing 
the wheels. 
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4. The shaft earrving the wheel to be tested turned in bearings 
bolted to angle irons on the lower halves of the side plates, and 
was connected to the driving mechanism just inside the building 
by a flexible sleeve coupling. 

5. After the wheel was in place the casing was lined with 
wooden blocks to absorb the momentum of the flying fragments, 
as illustrated in Fig. 6s. 

G. Instead of using a steam turbine as in former experiments, 
the tly-wheel shaft was speeded up) lw means of a Reeve’s variable 


€8.—THe Casing OPEN, WHEEL No. 1 IN Posrrion 


speed counter-shaft, interposed between line-shaft and the driving- 
shaft. 

7. The first wheel to be experimented on was a well-propor- 
tioned cast-iron pulley, such as is used on shafting for trans- 
mitting power. This pulley No. 1 is shown in position inside 
the easing in Fig. 68. It was 48 inches in diameter, had six arms 
and weighed 194 pounds. The rim was whole and was 8} inches 
wide and about ? inches thick, finished on the outside. The arms 
were elliptical in section, 354 inches by 1s inches at the hub, and 
2 inches by ? inch at the rim. On the whole the wheel was 
well-designed and showed no signs of shrinkage strains. It had, 


however, been balanced in the customary manner by riveting a 
east-iron washer inside the rim at the lighter side, and this proved 


i 
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its undoing. (See Fig. 6S.) The combination of a thin place in the 
rim, a rivet hole and a heavy mass of east-iron, is Cnough to wreck 
any wheel. As shown in the cut it was necessary to still further 
weight this side by winding lead wire around the arm just inside 
the rim. As has been shown by previous experiments on whole 
rim wheels of cast-iron, a bursting speed of 400 feet per second 
may be reasonably expected. 


Ss. The cireumference of a four-foot wheel being about 123 feet, 


such a wheel should burst at about 52 revolutions per second, or 


Fig. 69.—FRAGMENTS OF No 


1,920 revolutions per minute. The pulley in question burst at 
1,100 revolutions per minute, as recorded by a tachometer eon- 
nected to the driving-shaft. The appearance of the wheel after 
breaking is shown in Fig. 69. The balance weight weighed 3 
pounds, and its center was approximately 25 inches from the axis 
of rotation. At 1,100 revolutions per minute the centrifugal 
force of the balance weight alone would be 2,760 pounds. 

%. Add this radial pressure at a weak point between the arms 
to that due to the weight of the rim itself, and the low bursting 
speed is easily accounted for. 


10. The linear speed of the rim at rupture was 230 feet per 
second. As 100 feet per second is considered the limit for belt 
speed, this pulley would have a working factor of safety of (2.3)? 


SRE 
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But suppose the rim had been a little thinner and eon 
sequently a bigger weight had been put on with a larger rivet ? 
11. Wheel No. 2 is shown after rupture in Fig. 70. It was a 
Cust-iron pulley of the same general stvle and dimensions as No. 1, 
but with a split hub and rim as may be seen from the cut. The 
balance-weight was present here as in the former case, but was 
obliged to vield the palm to its rival, the Hanged joint. The wheel 
had been cast in one plece, as is usual in such cases, With cavities 
cored at the joints of rim and hub. 


hic. No. 2 arrerR BreakINnG 


12. After finishing it had been broken apart by wedges, making 


a fracture joint. The flanges, being located midway between the 


arms and bolted at some little distance inside the rim, were in the 
worst possible position to withstand the bending action due to 
centrifugal force, and their own weight only aggravated the diffi- 
culty. 

13. The flanges shown in the foreground of the illustration 
weighed with their bolts 74 pounds. This wheel burst at less than 
700 revolutions per minute, the tachometer not recording below 
this speed. The writer believes the speed to have been about 
600 revolutions per minute. At this speed the centrifugal force 
of the flanges on one side would have been 1,680 pounds. At 600 
revolutions per minute the linear speed of rim would be only 125 
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feet per second. At the very common belt speed of 4,500 feet per 
minute the factor of safety would have but 2.8, which is altogether 
too low, considering the nature of the material and the shocks to 
which a pulley may be exposed. 

14. There is one instance on record of the wrecking of an engine 
by the breaking of a generator pulley, which had a heavy balance 
weight inside the rim. 


Fic. 71.—WuHEEL No, 3 BEFORE TESTING. 


15. It was reserved for wheel No. 3, to develop the most 


dramatie series of incidents of anv vet experimented upon, big 


or little. Fig. 71 is from a photograph of this wheel taken just 
before setting in the cage. 

16. It measured 49 inches in external diameter and weighed 
about 900 pounds. The rim was 6} inches wide and 1% inches 
thick, and was built of ten see@ments, the material being east- 
steel. Each joint was secured by three prisoners of an I-section 
on the outside face, by link prisoners on each edge, and by a dove- 
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tailed bronze clamp on the inside, fitting over lugs on the rim. 
The arms were of phosphor bronze, twenty in number, ten on 
each side and were a cross in section. 

17. These arms came midway between the rim joints and were 
bolted to plane faces on the polygonal hub. As shown in the 
eut the rim was further reinforced by a system of diagonal brae- 
ing, each section of the rim being supported at five points on each 
side, in such a way as to relieve it almost entirely from bending. 

18. The braces like the arms were of phosphor bronze, and all 
bolts and connecting links of steel. 

19. This wheel was designed by a Baltimore firm as a model 
of a proposed 30-foot flywheel. 

20. On account of the excessive air resistance it was found 
necessary to enclose the wheel at the sides between sheet-metal 
dises, before any great speed could be attained. Even then re- 
peated trials failed to reach a speed of more than S00 or 900 
revolutions per minute on account of the great inertia of the 
wheel, and the consequent slipping of belts. By putting on more 
and wider belts, by a liberal use of cling-surface and with the aid 
of a 7$ horse-power electrie motor belted on in parallel, it was 
found possible to get a speed of 1,650 revolutions per minute. 

21. After the wheel had been run at this speed it was stopp d 
and examined. 

22. The inspection showed fracture of several of the T-shaped 
prisoners on the outer surface of the joints and a slight opening 
of the joints themselves, to the extent of perhaps one or two 
hundredths of an inch. On June 2, 1903, the easing was closed 
for the last time and the combination of driving mechanisms set 


to work. The observers were all well protected by the thick piers 


of the building, while other spectators were kept at a safe dis- 
tance and well away from the plane of rotation. Two of the 
observers watched the pointer of the tachometer through opera- 
glasses, another kept the time, while a fourth manipulated the 
driving levers. 

23. As the hand of the speed counter reached and slowly passed 
the 1,600 mark, the feeling of suspense on the part of those wateh- 
ing reached the acute stage. The pointer crept slowly on and as 
it quivered on the mark of 1,775, there was a sudden crash, a sound 
of rending and tearing, and the writer saw the counter-shaft in- 
side writhing on the floor like a wounded snake. On stepping out- 
side he was saluted by a shower of falling splinters and fine debris, 
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and was surprised—putting it mildly—to note the disappearance 
of the 


24. kig. 72 is from a photograph taken immediately after the 


reater part of easing and wheel. 


explosion and shows the completeness of the wreck. 
20. The steel rim of the eusing was broken off short six inches 
below one of the flanges, and the entire upper half weighing half 


a ton was projected about 75 feet into the air and landed some 


hundred feet away on the 


Pia. 72.—AFTER THE EXPLOSION. 


26. On its way up it carried away part of the cornice of the 
building, and this eollision was probably what caused it to deviate 
so much from a vertical path. 

27. The hub and main spokes of the wheel remained nearly in 
situ, but parts of the rim were found two hundred feet away, 
while one large fragment landed on the roof of the building. 

28. This sudden failure of the rim casing was unexpected, as 
it was thought the flange bolts were the parts to give way first. 
The tensile strength of the rim at the point of fracture was about 
1,200,000 pounds, or about four times the strength of the wheel 
rim at a solid section. Examination of the break in the easing 
showed a clean, bright fracture, with almost no imperfections. 

20. The failure of the wheel itself was due to a gradual open- 
ing of the joints, occasioned by the fracture of the outside pris- 

16 
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oners and to flaws in the bronze castings of the arms near their 
junction with the rim. 


30, On putting the pieces of the wheel together in their original 
order it was easy to locate the joint which first gave way, on 


account of the svmmetry of the breaks either side of a diameter 
through this point. It is but fair to the builders of the wheel 
to say that the fractures showed uniformity of strength and of 
workmanship, since there was hardly a member or a joint which 
did not fail in one part or another of the wheel, 


Fic. 73.—FRAGMENTS OF CASING 


31. One thousand seven hundred and seventy-five revolutions 
per minute means a linear speed of rim of 22,300 feet per minute, 
or 372 feet per second. This is not as great as the probable speed 
of a solid cast-iron rim of good design, but it is greater than the 
speed of any sectional or jointed rim, which has been tested. 

32. The tensile stress due to the centrifugal force at this speed 
is 13,800 pounds per square inch. This shows that the joints were 
much weaker than the solid rim. 

33. On the whole the test of this particular wheel was dis- 
appointing, since its strength was not sufficient to repay one for 
the expense of the design. Fig. 74 illustrates a model wheel of 
cast-steel which has not yet been tested. 
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34. The apparatis for the experiments above deseribed was 
designed and put in position by Messrs. Moulton and Waeha- 
lofsky, members of the class of 1903, Case Sehool of Applied 
Science, and the tests on wheels Nos. 1 and 2 were made by them, 
For the experiments on the last wheel credit should be given to 


Mr. Geo. KE. Daniels, instruetor in mechanical engineering, whose 


Fic. Moper 


patience and ingenuity overeame all the obstacles to obtaining high 
speed with so heavy a wheel. 

35. It is interesting to compare the kinetie energy of the rim 
of the wheel at the recorded speed with the work of destruction. 
Assuming the rim with its lugs, flanges, ete., to weigh 300 pounds, 
which is a reasonable estimate, the kinetic energy at a speed of 
372 feet per second would be 645,000 foot pounds. 

36. Further assuming that none of the energy was dissipated 


in heat, and that the combined mass of wheel and casing pro- 
jected into the air weighed 1,500 pounds, we find the height of 
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projection to be 430 feet. It is good cause for congratulation that 
four-fifths of the energy was dissipated. 

37. The experiments which have just been described make it 
clear that more than ordinary precautions must be taken to insure 
safety. The method adopted by an engineer in Germany for test- 
ing emery wheels, seems to the writer well adapted for this 
purpose. 

38. It consists in mounting the wheel to be tested on the lower 
end of a vertical shaft and sinking the apparatus in a hole in the 
ground. 

39. The writer hopes to be able to make some experiments on 
large wheels during the coming vear. A pit about tive feet in diame- 


ter by three or four feet deep will be exeavated in a gravelly soil, 
sheet piling being used to enclose the sides. The wheel will be 
fastened to the lower end of a vertical shaft, running on specially 


designed thrust bearings and driven by a friction speed controller 
at the top. 

40. A steam turbine will be used as a motive power, since this is 
easicr to regulate and less susceptible to injury than the electric 
motor. 

41. Acting on a recent suggestion the writer also hopes to test 
grindstones and emery wheels in a similar manner. 


DISCUSSION, 


Mr. Tl. Suplee—1 would like to say that the method 
ferred to on the last page of this paper, of testing the wheels on 
a vertical shaft was deseribed very fully in the proceedings of 
the Society of German Engineers fér 1902. Professor Gritbler 
cites tests of a great many emery wheels in that wav. Ie had 
deep shaft constructed and the recording apparatus at the top 
was very easy to examine and it kept in perfect condition mp 
to the verv moment of bursting because of the entire safety of 
the operation. A full account of these trials, together with fig- 
ures of the broken portions of the wheels and the record of the 
whole set of tests on emery wheels may be readily found by those 
interested in the subject. 

Mr. Gus C. Henning.—I would like to eall attention to the 
ereat advance that has been made in this line. We are getting 
every day through these tests more information, which will be 
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of great value to us. It goes to show that certain materials are 
superior to others, and I think that this calls attention to the faet 
that tly wheels should be miade with steel rims, heeause the steel] 
rim can be welded so thoroughly that it is equally strong at all 
sections and acenrately balanced. It shows too that im mans CAses 
it would be more economical to use steel rim wheels than Cust 
iron wheels, 

Mr. Geo. R. Stetson.—I have had some disagreeable experience 
in thre bursting oft wheels in Use, The method ot putting the hal- 
anee Wwe ielit on is certainly objectionable, As it is now if is fre- 
quently set on the wheel With base urea, and if centri 
fugal foree acts it has a tendeney to throw it through the rim of 
the wheel. Another thing that T have thought night contribute 
to the breakine of larger wheels is the heating of thr outside of 
the wheel by the slipping of a belt, the engineer perhaps not 
being conscious of the facet that the wheel was running through 
the belt. | have known a large engine Wheel to have cut a 


eree of heat that | should think would lead to thre ION of 
thre rie tal in the el, ana it as without the obs rvation of those 
that were in attendance. There was a very disastrous break of 
the wheel in the Amoskeag Works some vears ago, as perhaps von 


Will remember. Mr. Manning ultimately built up a wheel tnak- 
ine thr rit of wood, so that it would oby lute the trouble, area @X- 


amsion, and think he has entirely done so. think it wonld 
be quite possible to earry on a line of experiments to know if 
there Wis anvthing int that Calise, | knew in one ease whe 
whee] ran throneh the belt it beanie quite disae@res 
to put Vewur on the outside ot thr wheel, It Was 


clelites n toot wheel attached to a 3500 horse power engine, 


heat was enough to expand the metal. [ think experiments could 


be made which would prove this theory. The worst trouble that we 
meet is in the casting. where the shrinkage is het properly taken 
eare of and the spokes are drawn out from the rim. By ereater 
skill in casting that las been obviated, but im MN experience in 
cleetric light stations we have thrown around iron enough to bring 
about the subjugation of Port Arthur if it had been properly 
directed, 

Mr. J. EK. Johnson, Jr. I would like to suggest that a wheel 
built of segments with joints half wav between the arms is essen- 
tially a weak construction, because no matter how strong the joint 


nay be in tension, it is necessarily very weak in’ transverse 
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strength unless made so deep as to be impracticable, and as the 
transverse strength ts as important as tensile strength under the 
action of centrifugal foree, wheels so made are inherently weak. 

For high-speed wheels expense docs not seem to be a controlling 
consideration as shown by the model wheel with diagonal braces 
shown in this paper which must have been very expensive, and a 
rational solution of the problem under sueh cirenmstanees would 
seem to be afforded by making the joints in the center of the 
aris that is making cach scetion consist of two half arms with a 
Whole section of rim between them with the faces of the half 
aris planed to fit each other, at the ends only, or throughout their 
leneth as might be thought advisable. 


The joint could be made stronger than at present with the 


same metal and the individual sections would be approximately 


triangles, the strongest and stiffest of all shapes, instead of 
single tension piece with two weak projecting cantilevers, which 
Is one of the weakest. 

The expense of fitting would probably he somewhat more than 
that of the present method, but not necessarily very much. and 
the weight with good design would be less. 

As Professor Benjamin is doing this valuable work in elucidat 
ing this subject I would like to suggest this construction for his 
consideration and TL believe it would be a matter of deep Interest 
to this Society if he would build and test such a wheel in compari- 
son with a similar one of the ordinary type. 

Mr. FLA. [alsey.—1 would like to suggest the desirability of 
testing the wheel that Mr. Fritz deseribed before the Society SOC 
years ago, and which has always seemed to me a very remarkable 
piece of work. I believe it is possible to design a wheel of that 
type with a rim joint efficieney of 100 per cent., a result that is 
not possible with any other tvpe that we know of. It seems to me 
that this wheel is entitled to more attention than it has vet  re- 
ceived. 

Prof. C. I. Benjamin.*—The greater cost of steel wheels will 
hinder their general adoption by engine builders although several 
such have been designed and constructed. The writer would refer 
to an article on “ The Development of Fly-Wheels ” in Cassier’s 
Magazine for July, 1900, where several steel built-up wheels are 
illustrated and described. There is no question but such a wheel 


* Author’s Closure, under the Rules. 
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ean be built with a rim etliciency of 90 or 95 per cent, and a 


bursting speed miore than double that of anv cast iren wheel, 

For the present, however, the problem is how to build a east- 
iron Wheel which shall be safe at any speed likely to be used in 
cngine practice, 

The wheels built ly Mr. John Fritz and alluded to by Mr. 
Halsey are good examples, but they are not suitable for belt 
wheels on account of the narrow rims.’ 

Previous experiments In the writer have shown that the joints 
in the rim of the rolling mill or blowing engine tvpe of wheel 
ean easily be made to have a high efficiency, while the wide, thin 
rim of the belt wheels presents a much more ditticult problem. 
Mr. Johnson's remarks are right to the point. The solution for 
this class of wheel is to have the joints over the arms and tests on 
such Joints reported in a previous paper * show them to be much 
stronger than joints between the arms. 

It is interesting to note the progress that has been made in this 
regard since this Society first began to discuss the subjeet. as in 
dicated by the footnotes at the beginning of this paper. In 1893 
Mr. Stanwood called attention to the be nding of the rim between 
the arms and followed this uy) the next vear ly a discussion of 
rim joints. In 1805 Professor Lanza presented a mathematical 
discussion showing the probable extent of the transverse stresses, 
Nearly every year has seen some contribution to the subject, 
either by experiment or discussion, 

Ten vears ago nearly all engine builders made fly-wheels with 
flanged joints mid-way between the arms; now, few of them 
would venture to do so. The writer could name several represen- 
tative makers of Corliss engines who have made a radical change 
in this respect. 

A very good example of the right way to make a joint in a 
wide wheel-rim is illustrated in Cassier’s Magazine for July, 1900, 
page 253, Fig. 8. 

The writer expeets to construct a wheel pit the coming vear 
for testing wheels to destruction, and would be glad of contribu- 
tions in the shape of model wheels not to exceed four feet in 
diameter, 


* Transactions, vol. 23, p. 175. 
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AN INDICATING STEAM METER. 
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Member of the Sovcie ty 


1. That there has been for many years and is an ever inereasing 
demand for some practical device which will measure or indicate 
the amount of steam in pounds which is delivered through pipes 
to an engine, radiator, or steam pump is apparent to the engineer 
as well as the manufacturer and the tenants and landlord who 
buy or sell steam for power or for heat. 

2. A simple, cheap and fairly accurate deviee, applied to the sup- 
ply pipes of high duty engines and low duty direct acting steam 
pumps should do more toward revolutionizing the present methods 
of feeding boilers, pumping water for elevators and kindred pur- 
poses than all the testimony of mechanical engineers as to the 
inefticieney of such means. Seeing is believing, and when the 
manager can see that a certain steam pump is taking six or seven 
times as much steam per horse-power hour as the automatie engine 
by its side, then power pumps and more efficient apparatus will be 
put in. The expense of making efficiency tests of small plants is 
so great, that probably not one engine in twenty is tested for 
economy, and the salesman with the inefficient engine, knowing 
that there is but a slight probability of any test being made, makes 
as good a guarantee as the competitor with a more efficient ma- 
ehine. If a steam meter in the supply pipe would show exaetly 
the amount of steam going into the engine, any leak or accidental 
derangement of the valve setting would be instantly discovered 
with a constant or regular load on the engine. 

3. The need of a steam meter has been so great that several de- 
vices have been designed for the purpose, but on account of the 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 
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changing conditions of the product with which we have to deal, 
only partial suecess has been attained. 
References: U.S. Patent 729511, 
Patent 481287, 
Transactious, A. S. M. E., 1903, 
The St. John Meter, New York City 


If we were dealing with a permanent @as of a practically 
uniform pressure and temperature such as the illuminating e@as 
used for heat and light, then the metering of steam would be a 
simple problem, but steam is not a perfect gas and usually varies 
in pressure and temperature many pounds and degrees, and con- 
tains more or less water depending on the distance from the boiler, 
and the efficieney of the insulation of the radiating surfaces. 
5. As the steam pressure in various plants varies from below 


atmospheric pressure when used for heating to as hi: 


as 
pounds per square inch where used for power in multiple evlinder 
engines and steam turbines, meters with considerable range are 
required, no matter where or for what purpose they are to b 
used; and to design a meter to operate successfully under these 
varving conditions has been the aim of the writer, and the deviee 
herein deseribed is believed to overcome many of the diffienlties 
which have heretofore been obstacles to success. 

G. If there is a constant difference betwee n the pressures each 
side of a certain opening, the amount of steam flowing through 
that opening will depend on the area and the density of the steam 
which varies with the pressure. If the initial pressure and the 
difference in pressures remains constant, then the weight of steam 
flowing through will depend on the area of the opening and if 
the opening is constant, the weight of steam flowing throngh will 
vary with the pressure and the difference of pressure on cither 
side of the opening. 

7. If the difference in pressure between two tanks is 1 pound, 
and the initial pressure varies from 50 to 100 pounds, twice as 
much steam will flow through a certain opening with 100 pounds 
pressure as would flow through with 50 pounds pressure. In 
the meter under consideration, which is designed for steam 
pressures of 50 to 100 pounds, a drop of 2 per cent. is thought 
advisable, and the areas are proportioned accordingly. When 
steam is flowing through, the opening will adjust itself, so that 


the difference of pressure is always a percentage of the pressure 
m the inlet side. 
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s. Any tendency of the pressure to equalize will immediately 
close the valve, and by thus throttling the passage, reduee the 
outlet pressure below the inlet pressure as designed. Any ten- 
deney for the outlet pressure to reduce more than 2 per cent. 
below the inlet pressure will raise the valve and increase the area 


wr 


SARGENT STEAM METER 
2 
Size supply pipe- 4 
Horse Power ronge 100 
Steam Pressure range S0'te 100° 


Horse Power based on S0ibs 
steam per hour 


Fig. 75 


of the steam passage. Slugs of water coming with the steam can 
not by inertia open the valve D beeause they cannot strike the 
valve except radially, and it is balanced against such a force. 
The inertia of water striking unprotected floating valves or vanes 
of steam meters at 100 feet or more per second, would necessarily 
cause derangement. As the opening F is small and changes the 
direction of any water which might tend to go through should 
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the valve suddenly open, no harm ean arise from water in steam, 
except, possibly, to introduce an error in indication. 

We see now that the main valve stem F will stand between 
the position of the full opening or the complete closure of the 
valve, depending—of course—on the amount of steam passing 


through, and the position of this valve stem determines the move 
ment of the indicating tinger around the center of the dial through 
mechanisin hereafter deseribed, and shown in Figs. 75. 77 and 7s. 

10. If the steam alwavs had the same density, that is—if a eer 
tain volume always had a certain weight, no further indicating 
apparatus would be necessary, but as the weight per volume varies 
with the pressure, the same quantity of steam under double the 
pressure will flow through one-half the area for the same length of 
time; also if the difference in pressure increases with the absolute 
pressure, more steam will flow through a certain opening when the 
pressure increases than if the difference in pressure each side of 
the opening remained constant. 

11. On the assumption then, that pressure times volume equals 
a constant (PV (‘) whieh is near enough for practical pur- 
poses, we can determine the amount of steam passing from one 
receptacle to another, if we know the difference in pressure in 
the two receptacles, by determining the area of the opening 
through which the steam flows, but as the weight of steam pass 
ing through a detined opening will vary with the pressure, and 
the difference in pressure each side of the opening, then we must 
vary our opening with the pressure if a uniform weight is tlowing 
through. And this is the principle upon which this meter is based. 
With a constant weight or horse-power passing through, the 
pointer will follow the horse-power curve on the dial though the 
pressure of the steam varies between the limits of the meter. 

12. Meters having an adjustable opening through which the 
steam flows have been made and with a constant pressure record 
fairly accurately the pounds of steam passing through them, but 
with a variable pressure, from the nature of the device, the indi- 
cation would be inaccurate. 

Then again, in any steam pipe in which the steam is not super- 
heated, there is more or less condensation, which, as the demand 
for steam is suddenly increased, is carried along in the shape of 
slugs or charges of water, the inertia of which, travelling at the 
rate of 100 or more feet per second, will seriously impair the 
aceuracy of a meter susceptible to derangement by impact. While 
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any steam meter should have a separator between it and the boiler, 
water can in no way affeet the mechanism of the meter herein 
described, as all moving parts are protected from derangement 
eaused by the inertia of water passing through the openings. 


© 
© 


LONGITUDINAL SECTION, 


Fic. 76 


Description of Meter. 


13. Fig. 75 is a half-tone of a 2-inch meter showing the dial 
side and compensating pointer. It is flanged and faced and can 
be inserted in the steam pipe as an ordinary 2-inch globe valve. 
This particular meter is calibrated to show the horse-power (based 
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on 30 pounds of steam per horse-power hour) passing through with 
a steam pressure of between 50 and 100 pounds. 

hig. 76 is a longitudinal section. 

Fig. 77 a transverse section. 

hig. TS an elevation of the indicating mechanism looking to- 
wards the back of dial. 

14. Referring to Fie. 75, if no steam as flowing through the 
meter, the pointer will indicate zero horse-power as in the figure, 
but will indieate the pressure if it ranges between 50 and 100 
pounds. As the end of the pointer will not begin to move towards 
the center of the dial until the pressure reaches 50 pounds, it will 
stand at 50 pounds, when there is no pressure in the meter. 


150 pounds avoirdupois of steam passed through per hour (5 


15. If the pressure were maintained exactly at 50 pounds and 


lorse- 
power at 30 pounds of steam per horse-power hour 


pointer would stand at 5 horse-power, and 50 pounds pressure. 


If 40 horse-power were passing through, the pointer would so 


indicate, and if the pressure were raisetl from 50 to 100 pounds, 


} 


the end of the pointer would follow the curve of 40 horse-power 
from the 50 to the 100 pressure limit. 

In like manner the pointer would indicate the weight of steam 
passing through, no matter how the quantity or pressure varies, 
provid dl it remains within the limits of the machine. 

lig. 76, Which shows the steal moving parts, 
A is the body of meter, B the top cover, and C the bottom cover; 
D is the self-adjusting valve which remains seated when no steam 
is passing through the meter, and which is held in place by and 
fastened to the valve stem #7 which works in two diameters in the 
body 

the bottom eover ( is tapped for i ineh pipe which connects 
the meter to the atmosphere or sewer. 

16. The action of the meter is as follows: steam is admitted 
on the side of the arrow and surrounds the valve stem guide; as 

9on as pressure accumulates it passes through the small hole F 
and raises the self-adjusting valve D, allowing the steam to pass 
to the outside and top of the valve. 


17. As the bottom end of the stem £ is open to the atmosphere, 
‘he pressure on top of the valve D) tends to close same by an 
mount of pressure equal to the pressure in the meter into the 
rea of the valve stem immediately below the valve. As the 
ressure under the valve is always tending to open same, and the 
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Fia. 77 


pressure on the stem is always tending to close same, there will 
be a difference in pressure between the inlet and outlet of the 
meter equal to the difference in area of the valve and valve stem. 
19. As these areas are so designed that the ratio is about 50 to 
1, the pressure of steam on the discharge side of the meter will be 


| 
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2 per cent. less than on the admission side with any pressure ear- 
ried. 

If 100 pounds pressure is carried on the boiler side of meter 
98 pounds pressure will be delivered on the engine side and if the 
admission pressure is only 50 pounds the discharge pressure will 
be 49 pounds. 

21. By a proper proportioning of the valve and the valve stem 
areas, a minimum drop of pressure of the steam passing through, 
practically, with the pressure per square inch, we see that some 
provision must be made for a change of pressure in the steam 
passing through the meter, 

22. Reterring to Fig. 76, the pressure of steam above the valve 
D, and on the outlet side of the meter, may pass through the hol 
low valve stem /, and act on the piston //, compressing same, and 
the spring 7, which—in the present case is of such a tension that 
50 pounds pressure per square inch is necessary to overcome the 
statical conditions of same, and 100 pounds per square inch is 
sufficient to compress it to its full limit. 

The movement of this piston //, is transmitted to the roller 
A, and is Whieh brouelit the bell crank the Pmenht ¢, 


the pinen d, the shaft e, and the large bigs. 75 and 77 


and the rack h, transmits the movement of the end of the pointer 


to and from the center of the dial, showing the steam pressure 


per square inch on the meter. 

24. The position of the main valve stem ££, is transmitted 
through the roller &, the bell crank /, the hollow shaft and pinien 
m, and the disk n, which revolves the pointer around the dial 
center. The amount of movement around the center depends 
pon the opening of the valve, and the distance of the end of the 
pointer from the center of dial depends on the steam pressure 
per square inch between the limits of the meter of 50 and 100 
pounds, and, on account of the compensating mechanism, the 
pounds avoirdupois of steam or horse-power passing through is 
always indicated. 

25. While water in the steam cannot derange the action of the 
meter, it is advisable to place a separator between meter and boiler 
as near the meter as possible, in order to insure accuracy of indi- 
‘ation. 

26. The size of the pipe and meter determines the maximum 
nossible horse-power on the dial, while the number of the spring 
letermines the range of pressure required. 
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27. In measuring exhaust steam for heating, the spring and 
dial are designed to show a pressure from 0 to 30 pounds abso- 
lute, and the dial may indicate pounds of steam instead of horse- 
power, 

If the steam pressure upon which the horse-power of the engine 
is based is 150 pounds then the meter spring and dial would show 
a range of horse-power from 0 to full meter capacity and a pres- 
sure range from 125 to 175 pounds or greater range if desired. 


SECTION OF PLAN AND ELEVATION OF INDICATING LEVERS. 


Fic, 78 


28. By carrying extra springs and dials to correspond, meters 
for any range may be furnished from stock on short notice, fully 
graduated for the pressure desired. 

It was the intention to calibrate each meter sent out, but when 
two or more of the same size are calibrated in series the indiea- 
tions correspond so closely that it is expected that the ealibration 
of only one of a size and range will be found sufficient. 

29. The method of calibrating a meter is as follows: 

From the meter’s construction there must always be a differ- 
ence in the steam pressure each side of the meter depending on 
the inlet pressure; therefore, the amount of steam flowing through 
will regulate the amount of valve opening. 

As the difference in pressure between the two sides of the meter 
increases as the pressure increases, the opening through which the 
steam flows will not increase as fast as the pressure, in order to 
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let the same weight of steam through in a certain time, and this 
is advantageous, because the valve will require less movement as 
the pressure increases. . 

30. In order to calibrate the meter, it is necessary first to get 
a spring of the proper tension to move the end of the pointer from 
the outside to the inside of the dial through the range of pressure 
required, The spring is first calculated, then can be adjusted when 
hot and in place, if necessary, by holding the outside valve stem F, 
and turning the inside valve stem with a socket wrench. 

31. The meter is connected up between the steam header and 
condenser with a pressure regulating valve in series between the 
meter and steam supply. 

Accurate gauges are connected to both the inlet and outlet side 
of the meter, and the pressure regulator is set to carry the highest 
pressure for which the meter is calibrated. A valve on the dis- 
charge side is opened slightly, and the position of the pointer 
noted, and the quantity of steam flowing through is condensed 
and weighed. In like manner a series of points for a constant 
pressure is established through the whole capacity of the meter. 
The pressure is reduced and the operation is repeated. When 
completed and the points are connected, there will be a series of 
concentric rings representing the different pressures, and a series 
of converging or diverging curves representing the pounds of 
water passing through which is indicated by the position of the 
pointer when meter is in operation. 

32. The spring should be of steel, heavily nickel-plated. This 
meter may be inserted in the steam pipe, either next to the boiler, 
in which case no separator need be used, or next to the engine, 
in which case a separator between the meter and boiler as close to 
meter as possible should be used, and a drum having four times 
the capacity of the first cylinder at its average eut off should be 
placed between meter and engine to get a constant flow through 
the meter and a practically stationary position (non-oscillating) 
of the pointer. By observing the position of the pointer for any 
interval of time, the amount of horse-power or pounds of steam 
passing through to the engine or heating system may be deter- 
mined, 

DISCUSSION, 

Mr. Gus C. Henning.—I think Mr. Sargent has presented to 
us a very interesting and ingenious device for doing the work 
for which it is intended. Of course it is a steam mechanism, and 

17 


AN INDICATING STEAM METER. 


as such we will undoubtedly find that on account of the vari- 
ous surfaces in contact and in motion at times and at others 
quiescent there will be corrosion, and I am afraid unless the 
apparatus is carefully examined from time to time and kept well 
lubricated it will meet the fate of many another steam apparatus 
and stick, thereby becoming inoperative. The increased frie- 
tion between corroded surfaces will also cause inaccurate indi- 
cation of loads and pressures. But I think the design is really 
very ingenious and certainly ought to find considerable applica- 
tion in innumerable places where we now have no record of work 
done or of steam consumption, or where the coal is going. IT am 
very sorry that Mr. Sargent is not here with us, because I think 
he could tell us how many of these meters have been in use, and 
could give us some idea how often the part F sticks, and then at 
the lower end of Figure 77 and in Figure 76, F and D and the eol- 
umn 3 in the center part of the body // and the lower part which 
also moves in the larger cavity in /. 

Mr. H. H. Suplee.—I would like to call attention to paragraph 
12. 

“Meters having an adjustable opening through which the 
steam flows have been made and with a constant pressure record 
fairly accurately the pounds of steam passing through them, but 
with a variable pressure, from the nature of the device, the in- 
dieation would be inaccurate.” 

There has been made in Germany what is called the Gehre 
steam meter, constructed upon the principle of measuring the 
flow by the difference in pressure upon the two sides of an orifice, 
the variation in pressure being corrected by the use of gauge 
templates which enable the direct rise and fall of gauge pistons, 
acting in direct proportion to the variations in pressure difference, 
to record upon a moving sheet. the ordinates corresponding to the 
flow at every moment. This instrument, which is in practical use 
in Germany, is deseribed very fully, with illustrations, in the 
issue of the Zeitschrift des Vereines Deutscher Ingenieure for 
December 8, 1900. 

Mr. C. E. Sargent.*—In regard to the remarks of Mr. Hen 
ning will sav that several of these meters have been in use for 
over a year, giving in most cases very good results. 

In two cases where the steam was very wet a deposit of cal- 


* Author’s Closure, under the Rules. 
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careous matter in the pressure cylinder and on the main valve 
stem put the meter out of commission and the removal of this 
deposit was necessary for its correct operation. 

When the meter is in operation the slightest change in the 
quantity of steam passing through will cause the needle to assume 
a new position, and if the position of the floating needle is dis- 
placed by hand it will immediately return to its correct position. 
On account of this property of the instrument a sticking of the 
working parts is quickly noticed. Caleareous deposits from the 
entrailed water have affected the free action of the meter more 
than oxidization, though time alone will prove the reliability of 
the instrument. 
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FUEL CONSUMPTION OF LOCOMOTIVES. 
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1. The fuel bills of a railroad constitute ordinarily about 10 
per cent. of the total expense of operation, or from 30 to 40 per 
cent. of the actual cost of running the locomotive. On important 
systems the gross amount of coal burned assumes a very large 
figure—running into millions of tons. Each engine will probably 
consume $5,000 worth of coal in a vear on the average, so that 
for 1,000 locomotives the annual coal bill would approximate 
$5,000,000. While this is one of the largest items of expense, 
there is probably less actually known about it than any other 
account. We may know in a general way that an engine of a 
certain class, loaded with a definite tonnage, will haul its train 
in a given direction over a particular division with a consumption 
of so many pounds of coal per 100 ton miles, but here our know!l- 
edge stops, and if it should be asked how much is used in aseend- 
ing the maximum grade, how much on the subordinate grades, 
and what quantity on the level, there is little likelihood of receiv- 
ing a correct answer. 

2. The reason for this lack of definite information is not hard 
to find; in fact it is quite obvious. While it is a comparatively 
simple matter to determine the quantity of coal used on a trip 
throughout a run, by means of track scales and measured supplies 
taken en route, it is very difficult and laborious to sub-divide it 
between terminal points, in the proper proportion to the work 
done on each of the various grades. An approximation is some- 
times obtained by counting the shovelfuls thrown into the fire- 
box between different points, but this, of course, cannot be con- 
sidered an accurate method. The ordinary exigencies of railroad 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 
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traflic are so many and varied that it is almost impossible to main- 
tain fixed conditions for a length of time sufficient to determine 
factors of unquestioned value. 

3. The same comments apply equally to the consumption of 
water. Even if meters be placed in the feed pipes, the ineon- 
venient location for observation and the variable methods of 
working the injector by allowing different heights of water in 
the boiler, not to speak of leaks and wastes, militate against ae- 
curate measurements. Thanks, however, to the ‘“‘ Locomotive 
Testing Piant,” we are now able to work an engine for a long 
period under constant conditions, and at the same time make 
accurate measurements of the fuel and water consumed. 

4. Several vears ago, when connected with the Chicago and 
Northwestern Railway, the author was able to make a complete 
set.of tests with the standard heavy freight engine of that road, 
first upon the testing plant and afterwards in road service with a 
dynamometer car. Using the results of these tests as a founda- 
tion, it has been found possible to elaborate a diagram for prac- 
tically any particular locomotive whose general dimensions are 
known, which will give at once the coal consumption per mile 
or per hour for various grades and speeds or train loads. This 
diagram is based upon theoretical as well as practical considera- 
tions, and will, it is believed, give values agreeing closely with 
actual conditions. 

5. The construction of the diagram and the method of using 
it ean, perhaps, be made most clear, by assuming a locomotive 
of certain proportions, and developing the study for this engine. 
We wiil therefore consider a consolidation locomotive or 2-8-0 
type having the following general dimensions: 


Weignt of engine and tender... 150 tons. 


6. The theoretical tractive force of such a locomotive will be 


where /? = Boiler pressure in pounds per square inch. 
d = Diameter of cylinder in inches. 
s = Stroke of piston in inches. 
D = Diameter of drivers in inches. 
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When we allow for drop in steam pressure and internal resist- 
ance, we find that the available tractive force at circumference 
of the drivers is only 0.8 of the theoretical tractive force or, 
OS Pads 
. = 2 
for simple engines, when working at slow speeds with the reverse 
lever in the corner notch. 
7. For the engine under consideration we therefore find as 


follows: 
200 x 441 x 32 


F. 


A.T.F. = 0.8 x 50,000 = 40,000 lb. approx. 
As the speed of the locomotive increases, however, beyond the 
point where the boiler can supply the complete volume of the 
evlinders at each stroke, an earlier cut-off must be used, and it 
is necessary to determine the effect of such a change. In order 
that this may occur at the maximum possible speed, the boiler 
must be worked to its full capacity, which is limited by its ability 
to burn fuel. From various tests it seems as if this limit might 


= 50,000 lb. approx. 


be considered as stated below, the quantities being expressed in 


pounds of coal per square foot of grate area per hour: 


Bituminous Coal 200 pounds. 


8. We will assume that our engine is burning Pennsylvania or 
Virginia semi-bituminous coal, therefore the maximum combus- 
tion will be 40 200==8,000 pounds coal per hour. We admit 
that this is a large amount to be handled by one man for any 
great length of time, but there is no doubt that it could be burnt, 
if supplied. 

9. In order to determine the quantity of steam generated by 
this amount of fuel in the boiler which we have assumed, Fig. 79 
is introduced. This has been compiled from various sources of 
information, and, it is thought, fairly represents the average 
practice in this country. In this figure, the ordinates give the 
maximum evaporation in pounds of water from and at 212 de- 
grees Fahrenheit per square foot of heating surface per hour that 
can be expected under ordinary conditions, as stated above, the 
abscissee denoting the ratio of heating surface to grate area. For 
the engine in question this will be 

40 
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MAXIMUM EVAPORATION PER SQUARE FOOT OF 
HEATING SURFACE PER HOUR. 


a —~Large Pa. Anthracite 


LBS. OF WATER FROM AND AT 212, 


b= Small 
emPa. & Va. Semi-Bituminous 
—=Ind. & Ul. Bituminous 


» £30 ! 60 70 80 
RATIO OF HEATING SURFACE TO GRATE AREA, 


Fie. 79 


and for semi-bituminous coal, curve c, we find that with a ratio 
of 80, 15 pounds of water, from and at 212 degrees, may be evap- 
orated per hour from each square foot of heating surface, or for 
the boiler as a whole, 3,200 15==-48,000 pounds per hour. 

10. The factor of evaporation from ordinary temperatures of 
feed water, will be about 1.2, so that we shall have at boiler 
48,000 

1.2 

11. The steam will be somewhat reduced in pressure at the 
cut-off point, however, and the table here given indicates th: 
probable relation of this pressure to the boiler pressure, when 
the reverse lever is in the corner notch, and the throttle wic 
open. 


pressure, = 40,000 pounds per hour. 


Ratios oF CutT-OFF PressunE TO BOILER PRESSURE: 


Revolutions per Minute. Starting. 100 


Long Ports .98 


By long ports is meant those in which the length of port in 
inches divided by the area of the cylinder in square inches is 
approximately 0.12, and by short ports, where this ratio is about 


} | } 
a | | 
p+ — + + ‘ 
| | 
| | | d 
4 | 
10 
| | 
6 - 
0 — 
Henderson, G.R. Am, Bk Note 
150 200 
.78 
.92 .85 | .@2 
.86 .80 | 
| | 


262 FUEL CONSUMPTION OF LOCOMOTIVES. 


0.05. If we assume 9.90 for the ratio in the ease in hand, we shall 
have 200 < 0.90 180 pounds at eut-off, which steam will weigh 
0.452 pounds per cubie foot. The volume of a evlinder 21 inches 
diameter and 32 inches long is 6.4 eubie feet, or for one revolu- 
tion four times this amount or 25.6 eubie feet. No allowance 
is made for clearance, as the cut-off, with lever in the corner, is 
usually about 90 or 92 per cent. of stroke. For each revolution, 
then, the steam consumption will be 

25.6 « 0.4382 = 11.06 pounds 
and 

40,000 

60 x 11.06 
as the maximum speed at which the boiler will furnish steam 
at full stroke. The speeds in miles per hour corresponding to 
the revolutions per minute for a 56-inch wheel are as follows: 


= 60 revolutions per minute 


5 10 15 20 25 30 35 49 miles per hour. 
30 60 90 120 150 180 210 240 revs. per min. 


therefore it is plain at above 10 miles an hour, the cut-off must 


be reduced, diminishing the available tractive force of the engine. 
12. A study of the variation in tractive force due to speed 
indicates that the method explained below gives a close approxi- 
mation to actual results. 
In Fig. 80 the ordinates represent the tractive force in pounds, 


and the abscisse the speed in miles per hour, As the maximum 
speed at full stroke was found to be 60 revolutions per minute 
or 10 miles an hour, we find the intersection of this speed with 
the theoretical tractive foree at A. We therefore construct an 
equilateral hyperbola through this point, that is a curve the 
product of whose ordinates will always have the same value, viz., 
50,000 * 10 = 500,000. As we have seen, the available trae- 
tive force, however, cannot exceed 40,000 pounds. By drawing 
from the point B a tangent to the hyperbola, we then have a locus 
consisting of a straight line and a curve, and this loeus gives us 
the maximum available tractive force (at circumference of the 
drivers) for which the boiler will supply the cylinders at any 
speed. But to do this, we must burn 8,000 pounds of coal an hour, 
so that the locus BC also gives the combinations of speed and 
available tractive force which may be obtained by the combustion 
of $,000 pounds of coal an hour. 
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13. The rate of combustion per square foot of heating surface 
8,000 
per hour is = —~ 2.5 and from Fig. 81 (eurve ¢) we should ex- 
Dom 
pect 6 pounds of water per pound of coal from and at 212 degrees, 
ora total steam production of 8,000 >< 6 £8,000 pounds, which 
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is the same as our first figure. If the rate of combustion be re- 
duced, however, there will be more steam generated per pound of 
coal, as indicated by Fig. 81. For instance, if } the amount be 
6.000 
3.200 

= 1.87 pounds per square foot of heating surface, and from Fig. 
S1 the evaporation will be about 7 or 7 X& 1.87 13.09 pounds 


consumed, or 6,000 pounds, the rate of combustion will be 
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of water per square foot of heating surface per hour, instead of 
15 pounds as before. This would supply the cylinders at full 
stroke for 15 : 13.09 ::10:8.7 miles an hour. Froin this, as a 
starting point, we construct a new hyperbola and tangent as be- 
fore, which locus gives the combinations of speed and tractive 
force for 6,000 pounds of coal an hour. In the figure, the loci 
have been drawn for each thousand pounds per hour from 1,000 
to 8,000. 

14. If, now, we divide the quantities per hour by the speed, 
we obtain the fuel consumption per mile, and this is shown by 
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the dotted lines. Thus with a tractive force of 20,000 pounds 
and a speed of 15 miles an hour, we should expect an hourly 
consumption of 3,000 pounds or 200 pounds per mile. 

But as our diagram (Fig. 80) is based on speed and tractive 
force as co-ordinates, we ean construct additional curves, which 
may represent the force needed to pull various trains at different 
speeds or up grades. For instance, if we consider a train of 1,000 
tons weight back of tender, or 1,150 tons total weight, we ean lay 
down the curves of resistance for a level, 4, 4, ? and 1 per cent. 
grade, as shown in the diagram. By this means we can determine 
the quantity of coal that would be used on different portions of a 
division. 
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If there were 40 miles each of level, 4 and 1 per cent. grade, 
the fuel consumption would run as follows: 


40 miles @ 38 miles an hour, 210 lb. per mile = 8,400 Ib. 
40 @ 17 = 19.600 


41,200 Ib. 


It will be noticed that this considers the train to be run at the 
maximum speed which the engine can make on each grade or por- 
tion of track. If the speed be limited to 15 miles an hour uni- 
formly, we should expect consumption as follows: 


40 miles on level (@ 50 pounds per mile.............. = 2,000 pounds. 
40 “ ‘ 4¢ grade @ 190 pounds per mile......... = 700 “ 


Total 


15. This trip of 120 miles will, however, require 8 hours for 
its completion, whereas the first schedule is a trifle over 5 hours. 
The coal consumption in the first case is over 50 per cent. greater 
than in the second case. The effect of speed upon the coal pile is 
clearly shown by following any of the grade lines in the diagram. 
The rate per mile on a $ per cent. grade will be about as given 
below: 


Miles per hour 5 10 20 
Coal per mile, lb. ...... 150 160 ot 250 


16. The influence of loading is shown by the curves marked 
“ Total tons up 1 per cent. grade.” 


10 miles an hour, 250 Ib. per mile for 1,000 tons 


When we near the limit of capacity of the engine, the difference 
is still more marked. 


At 10 miles an hour, 630 lb. per mile for 1,500 tons. 

. 


Again, 1,600 tons can be hauled at 5 miles an hour with a con- 
sumption of 500 pounds per mile, whereas 1,570 tons at 10 miles 
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an hour will require 800 pounds per mile, both cases being the 
maximum that the engine can do. 

17. These examples give an idea of the variety of problems 
in fuel consumption which ean be quickly solved by the aid of 
this diagram. It is true that a different diagram must be made 
for each class of engine, but this is a comparatively small matter. 
With the inerease in speed and loads of the present day, the coal 
consumption becomes a topic of great interest, and when com- 
parisons are made with previous schedules, there is an apparent 
decrease in the economy of fuel, unless the various points are duly 
considered, and as explained by the chart. 


DISCUSSION, 


Prof. R. C. Carpenter.—The paper presented by Mr. G. R. 
Ilenderson gives a valuable method for rationally computing the 
fuel consumption of locomotives for different conditions of sery 
ice and will, I believe, be found of permanent value for estimat 
ing the performance of locomotives. An interesting statement 
is made in paragraph 7 of the paper with reference to the limits of 
consumption of coal per square foot of grate area per hour. The 
limits are stated as follows: 

Bituminous coal 200 tb. 


Anthracite, small sizes........ om 


These figures show the enormous quantities of coal which may 
be burned per hour in locomotive practice. These amounts are 
so large that they are not even approximated in any other case 
where coal is used, so far as I know. 

During the past vear I have had an opportunity to note the 
limits of combustion of several kindsof coal in stationary practice 
where a forced draft was employed, which was, however, very 
much less than the induced draft available in locomotive practice. 
In this particular instance the draft under the grate was main- 
tained by a fan blower at from 1} to 2 inches of water pressure, 
the draft above the grate (suction) was approximately } inch of 
water pressure. The bituminous coals used were slack obtained 
from northwestern Pennsylvania; the anthracites and semi-an- 
thracites were obtained from the Lehigh Valley districts. 
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Under the conditions mentioned our experience indicates that 
the practical limits of coal consumption are about as follows: 


28 Ib. per sq. ft. of grate pe 
Anthracite, Buckwheat No, 2 
Semi-anthracite, pea (Loyal Sock).... + 
Semi-anthracite, dust (Loyal Sock)... 12 


or hr. 


‘ 


The anthracite buckwheats, as above, contained in every case 
a considerable amount of dust, investigation usually showing not 
less than 25 per cent. and not over 40 per cent. that would pass 
through a screen with a mesh of 4, inch, and would be classed 
as culm. Experience in burning small anthracite coals has shown 
a large variation in sizes shipped from the different mines under 
the same name, and an investigation has shown that no standard 
screen is employed in the different collieries, and consequently 
that there is great uncertainty as to the kind of coal which will 
be provided under any given name. A small variation in the size 
of the meshes in the screen employed, and also the shape of these 
meshes, whether round or square, makes a very great difference 
in the character of the coal supplied; therefore it would seem of 
great importance that the size and shape of meshes of the screen 
for each commercial size of coal should be definitely fixed by 
statutory provision. The late Eckley B. Coxe proposed the fol- 
lowing table as showing the size of mesh through and over which 
pea coal and Nos. 1, 2 and 3 buckwheats were made in the Coxe 
Bros. Collieries: 


Size of coal. Over round hole Through a round hole 


Pea coal — ad “ in. dia i in. dia. 
No. 1 Buckwheat 
No, 2 


No. 3 


A recent investigation indicates that the Lehigh Valley col- 
lieries at the present time screen most of the No. 2 buckwheat by 
passing through a screen with a square hole or meshes ;',-inch, 
and over a screen with a square mesh or hole ,',-inch (on a side), 
and as a consequence the coals which are sold as No. 2 buckwheat 
by that company may be essentially different in size from those 
deseribed in the table by Mr. Coxe. 

The experience to which I referred, compared with the state. 
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ment in the paper, indicates that the relative amounts of the 
different kinds of coal which may be burned may be materially 
changed by changing the draft conditions; thus the relative 
amounts as stated by Mr. Henderson and as found by our tests 
are essentially as follows: 


Relative amount by Relative amount by 
Henderson. our experience. 
Anthracite, large sizes 1.66 
1.00 1.00 


Anthracite, small sizes ............. ms | 


Prof. E. A. Hitchcockh.—As I understand Mr. Henderson's 
treatment of this subject, it is largely theoretical in view of the 
fact that in computing the number of revolutions per minute that 
it is possible for the locomotive in question to make with lever 
in corner and boiler working to maximum capacity, he has taken 
the ultimate steaming capacity of the boiler and the theoretical 
quantity of steam used per stroke of piston, no allowance being 
made for cylinder condensation, which of course would be a large 
per cent., especially at low speed. Take the output of the boiler 
as given, 40,000 pounds steam per hour. The indicated horse- 
power with lever in corner and 180 pounds steam in evlinder 
and 60 revolutions per minute would be aproximately 1,200, thus 
giving 33.3 pounds steam per indicated horse-power per hour, a 
very low value for any engine working under such conditions. 
What would be the proper percentage correction to introduce for 
the case cited, and would not such correction change the location 
of the curves in Fig. 80? 

Prof. W. F. M. Goss.—Any attempt to generalize concerning 
the fuel consumption of a locomotive, or its output of power, is 
likely to be regarded as of more than ordinary interest. In this 
respect, the paper of Mr. Henderson is no exception. The analv- 
sis he employs is interesting and ingenious. While it admits of 
but few refinements, it is probable that the conclusions reached, 
as set forth in Fig. 80, are sufficiently accurate for many practical 
purposes. When the results of the Pennsylvania Company’s ex- 
tensive work in locomotive testing are available, it should be pos- 
sible to check or to correct them. But whether absolutely cor- 
rect or not, the diagram is instructive in the relations it discloses. 
It shows at a glance very much that is fundamental and of gen- 
eral application concerning locomotive performance. For example, 
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the inclination of the principal curves indicates the rate at which 
draw-bar pull changes with changes of speed, and difference in 
the area between them represents the changes in efficiency result- 
ing from variations in rate of power developed. 

Mr. Harrington Emerson.—Engineering data are like an old 
map of Africa, much detail in certain quarters and black spaces 
in others. Much is known about steam and very little about hot 
gases; much about the heat units absorbed in water evaporation 
and almost nothing about the heat units absorbed in oil vaporiza- 
tion; much about the rapidity of heat flow from coal to water 
through boiler plate, very little about the rapidity of heat flow 
from internal combustion engine to water jacket; much about the 
combustion of coal, very little about the combustion of explosives 
under very high pressures; much about the specific gravity of 
solids at the earth’s surface, nothing about the specitic gravity of 
gases at the earth's center, where air and other gases are prob- 
ably heavier than gold, this accounting for the high specific 
gravity of the earth. Nowhere in engineering are there greater 
blanks in definite knowledge than in railroading. The reason is 
not far to seek. Railroad men are overburdened with the daily 
exhausting and absorbing tasks and even when they reflect and 
speculate, the available appliances or methods to give accurate 
knowledge are lacking, and rarely have I had more oceasion for 
wonder than in considering the great disparities in railroad prac- 
tice. The length of track and grades are known to a tenth of an 
inch, but coal consumption is an unknown quantity. Trains are 
run to the minute, but a shop operation may dawdle through a 
year; bridges are repaired in a day, but I will take two years to 
dig a well or repair a leaking roof. 

I therefore wish to thank the writer for his stimulating and 
interesting excursion into the dark region of locomotive fuel con- 
sumption, with varving loads and grades, 

That one attempts to confirm or dispute his conclusions show 
to what extent the field is a new one and the work original. One 
matter he has left out. I do not find any curves indicating in- 
creased fuel consumption due to bucking snow drifts and keep- 
ing a long passenger train warm in 40 degrees below zero weather. 

Mr. C. B. Rearick.—Referring to Professor Carpenter’s re- 
marks about the amount of coal burned per square foot of grate, I 
wish to state that five or six years ago I ran some tests on No. 1 
Buckwheat coal fired under a vertical type boiler, and we burned 
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38 pounds of coal per square foot of grate with } to 7 inch natural 
dranght, which was very remarkable, although it was repeated 
on two or three different tests; in fact, at one test 424 pounds 
per square foot of grate was burned. The capacity of the boiler 
was about 1,000 horse-power. 

It was a special type of boiler, which did not prove to be a 
very satisfactory steam unit for continuous service. 

The grate used was made out of wire mesh and shaking type, 
end the boiler was fired by hand. The furnace was a rectangular 
and of brick. The boiler proper, the tube sheet, was six feet 
above the grates, and we carried a small layer of ash on the mesh 
and a light fire, watching it very closely. 

Mr. A. A. Cary—Referring to Professor Carpenter's state- 


ment regarding the amounts of coal which may be burned per 


square foot of grate, | have recently-had my attention directed to 
a number of tests conducted at one of the mine plants of the 
Delaware, Lackawanna & Western Railroad, in which rice, barley 
and No. 1 Buckwheat anthracite coal were used. 

In these tests 30 and more pounds of coal were burned per 
square foot of grate per hour by a special system using super- 
heated steam under the grates. 

The accuracy of these tests have been contirmed by the en- 
gineer of the contractor who installed the system and also by one 
of the engineers of the Delaware, Lackawanna & Western Co., 
but the former stated that the best results were obtained by their 
system when 25 pounds of such coal was burned per square foot 
of grate per hour. 

The effect of superheated steam, used under the grates, with 
anthracite coal is a very interesting study. It certainly seems to 
keep the fire bed freer from large clinker than when saturated or 
moist steam is used, although one would think that the reverse 
would be the result. 

I have occasionally heard surprise expressed concerning the 
greater amount of coal that can be burned per square foot of 
grate per hour when the more volatile coals of the West are used 
than when we use semi-bituminous or anthracite coal. 

The reason for this becomes quite apparent when we recall the 
fact that all the combustible portion of anthracite coal consists 
practically of fixed carbon, which is burned directly upon the 
grates, while with bituminous coal which may, for this illustra- 
tion, be considered as consisting of fixed carbon and volatile mat- 
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ter, the former burning directly upon the grate bars (the same as 
the anthracite), while the volatile matter burns as a gas above or 
bhevond the fire bed. 

Thus, supposing we are able to burn anthracite coal at the rate 
of 15 pounds of fixed carbon per square foot of grate, and then, 
with the same draft and furnace conditions, we use bituminous 
coal consisting of 50 per cent. fixed carbon and 50 per cent. vola- 
tile matter. We should then (roughly speaking) be able to burn 
twiee as much bituminous coal as we formerly burned when using 
anthracite as no more fixed carbon would be burned per square 
foot of grate per hour with this amount of bituminous coal. 

Of course, we must provide larger combustion chambers when 
using coals carrying volatile matter than when using anthracite, 
to provide fora proper combustion of the gaseous matter, and the 
combustion chamber must be properly designed to maintain the 
ignition temperature of the gases until they are entirely con- 
sumed. 

I have not, thus far, taken into account the ash, which is a 
very important factor in the furnace, clogging the air passages 
through the fuel bed more and more as its percentage increases 
per pound of fixed carbon contained in the coal. 

Mr. O. C. Woolson.—I am a little surprised to learn that Mr. 
Carv has been able to obtain these tests of the Delaware and Lack- 
awanna road, because the impression I have is that those tests are 


made for the consumers of coal, and as soon as it becomes appar- 


ent to the Delaware road that an expert would like to look them 
over they shrink up—they go in their holes right away; and | 
lave heard it remarked that those tests were made particularly 
for the people who are a little inclined to use soft coal for good 
and practical reasons, and to induce them to use hard coal they 
have established certain proportions of hard and soft coal mix- 
tures to get enormous results; and therefore, if they were aware 
that Mr. Cary was an expert in the matter, I don’t see how he got 


Mr. A. A. Cary.—The tests referred to by Mr. Woolson are 
not the same as those I have spoken of. 

In the tests I referred to, small-sized anthracite coals alone 
were used, and I have every reason to believe that the rate of 
combustion I have mentioned was obtained. 

Mr. Wm. O. Webber.—In paragraph 18 on the last page of 
this paper it is verv interesting to note the losses due to unburnt 

18 


| 
it. 
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coal, One ease being nearly 15 per cent. and the other slightly 
over 103 per cent. | would like to ask if there is any data as 
to the loss on western roads using bituminous coal 4 

Mr. G. I. Rockwood.—\ would like to ask Mr. Henderson how 
much coal a fireman can be expected to handle on a trip? We 


will say we have a long train and a long trip. How many tons 
of coal per hour, and for how many hours can he keep it up? We 
hear of so many complaints from firemen in stationary plants. 
1 should like to know what his experience is. 

Mr. Webber.—I used to shovel about five tons of coal in four 
hours. 

Mr. Wm. Kent.—Regarding Mr. Webber's question, I think 
that is verv fully gone into. 

Mr. G. R. Henderson.*—There are several points brought out 
in the notes of Professor Carpenter. I think he strikes the kevy- 
note regarding the rate of combustion, as it is enormous and spas- 
modie in a locomotive. 

In regard to the evlinder condensation spoken of by Mr. Hiteh- 
cock, I wish to say that these curves have been checked up by 
actual tests, and agree fairly well, so I think that has pretty well 
been covered. The tests gave about 33 pounds steam per in- 
dicated horse-power under the conditions mentioned. 

The combustion spoken of by Mr. Cary of 30 pounds of buck- 
wheat coal with a steam jet is below the maximum on a locomotive. 
where we have a steam jet of great power in the exhaust up the 
stack. 

Professor Goss’ book * Sparks,” issued about two or three vears 
ago, gives very full information regarding the proportion of 
cinders and unburnt fuel emitted from the stack of a locomotive. 

In regard to the question of how much coal a fireman can 
handle, that is what is agitating the railroads nowadays. In tests 
on the Chicago and North Western we made a record of shovel- 
ling about six thousand pounds per hour, and that was about all 
one fireman could do. The engine was not on the road, but in the 
test plant. The coal was wheeled to him and he was kept busy 
putting the coal in. 

I have stated in the paper that it was a question whether 8,000 
pounds of coal per hour could be handled by one man, but then 
there is a mechanical stoker for handling coal with double that 


* Author’s Closure, under the Rules. 
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‘apacity. However, that is another question. This paper is on 
combustion and not on the capacity of firemen. I think it is pretty 
generally admitted now that three tons an hour is about the limit 
that a man can handle and properly distribute in the firebox of 
a locomotive. 
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No, 1067.* 
A NEW HYDRAULIC EXPERIMENT. 


BY A. F. NAGLE, BUFFALO, N. Y. 


(Member of the Society.) 


1. The determination is that of the rise of water in a standpipe 
having a long supply pipe, when the draft suddenly ceases. 

2. In the case of the standpipe supplied by a long pipe, or 
tunnel, from a distant reservoir, and from which standpipe pump- 
ing engines are supplied, the question of how high the water will 
rise in the said standpipe, if the engines should suddenly cease to 
operate, is one on which there has been much discussion, but, so 
far as I am aware, no experiments have ever been made which 
would tend to confirm or contradict any theory applied to the 
problem. 

3. Not with the view of establishing a full and correct formula 
for the solution of the above problem, but simply to set at rest a 
preconceived notion that under no conditions could the water rise 
above its original level in the reservoir, I made several experiments 
which may be of interest to our membership. I trust, however, 
that these simple experiments may lead others to institute more 
exhaustive tests for the purpose of determining a scientific 
formula, based upon experimental data, for the solution of this 
problem. 

4. The apparatus is shown in Fig. 82. It consists of an ordi- 
nary oil barrel, kept full to overflowing with water from a hose, 
the surface of the water in the barrel being kept 46 inches above 
the floor. First, a $ inch wrought-iron pipe, 48 feet 2 inches long, 
containing three couplings, was run to within 10 inches of the 
floor, followed by an ordinary cast iron elbow and vertical riser. 
In this riser and 5 inches above the pipe, a cast-iron tee was in- 
serted, on the side of which tee a common bib cock was attached 


* Presented at the New York. meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
ransactions 


MrT 


A 
= 


Odi 


NEW HYDRAULIC 


A 


275 
> | 8 | 
a 
Ole 
| 
| 
4 
= 
} 
t 


276 A NEW HYDRAULIC EXPERIMENT 


for the purpose of drawing water into the pail. Above the tee 
was attached an ordinary glass water tube, 0.60 inch internal 
diameter. 

5. The first set of experiments were made as follows: When the 
water had come to rest, an elastic was placed on the glass tube to 
mark the position of the level line. Another elastic was set 24 
inches below the level line, and the bib cock was opened and ad- 
justed until the water was drawn down to it and a constant flow 
established. The cock was fixed, with the water in the tube at 
this lower position, and the water escaping under these conditions 
was then taken up in pails and weighed each minute. These experi- 
ments were repeated, but they ran very uniformly. 

6. Then the bib-cock was closed suddenly and the rise of water 
in the glass above the level line was noted. These results varied 
somewhat, and three or more experiments were made in each ease, 
but the results given are fair averages. 

7. Experiments of a like nature were made with the water 
under constant flows and at levels in the glass tube of 18 inches, 
12 inches and 6 respectively below the level line. These results 
are given in Table 1 and plotted in Fig. 83. The caleulations for 
velocity of tlow, column 4, are made from the weight of water dis- 
charged and the known diamster of the pipe 0.625 inch. Column 
5 is obtained from the well-known formula 

V2 
64.327 

Column 6 is column 5 reduced to inches. 

Column 7 is the total constructed head in inches below the level 
line, and is, of course, the total loss of head //, as found by the 
formula 


V? =2yhorh = 


(1) 


H= (84-2) xh. 
IT total head. 
hk = velocity head. 
I = length of pipe in feet. 
d = diameter of pipe in feet. 
z = coefficient of friction. 
Column 8 is the observed rise above the level line in inches. 
Column 9 is ealeulated from formula (2) and solved for z, the 
coefficient of friction. 
8. For the resistance of inflow, couplings, elbow and tee, I have 
assumed the value of eight (8) times the velocity head h in the 
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case of the 4-inch pipe, and five (5) times in the case of the 1-inch 
pipe. I have made this caleulation as a check upon the general 
results found, and in a general way it is confirmatory of the 
reliability of the experiments. 

Column 10 is a theoretical value for column 8. 

%. The second experiment consisted in substituting an inch 
(1-inch) pipe for the one-half (4-inch) up to the point of the bib- 
cock. The cock was so small, and the glass tube so much smaller 
than the size of the pipe, that I abandoned that experiment for all 
purposes of calculation, although the data obtained are given in 
Table Il and plotted in lig. s+. 

10. The third experiment consisted in substituting an inch 
wrought-iron vertical pipe for the small glass tube, and also 
putting in a full inch plug-eock for the smaller $-inch bib-cock. 
I was unable to tind a glass tube of the size required, hence I used 
the iron pipe, and, after a little experience, found that a large 
cork float with a thin long stick of wood gave prompt and satis- 
factory indications of the water level in the riser tube. The 
methods of procedure were precisely the same as had been followed 
with the $-inch pipe, and the calculations made were the same, 
except that instead of allowing eight (8) times the velocity head 
for various losses, only five (5) times the velocity head was used. 
The results are given in Table IIT and plotted in Fig. 55. 

11. A careful study of the values of the coefficients of friction, 
z, does not indicate any material difference due to different 
velocities. Grouping them together we have 


Velocity 1.84 ft. per sec. 1 in. pipe, = .0425 
“ = .03913 


15° = .04353 
= .03620 
08910 


Averages 1.39 * 


12. Is it possible to deduce a formula from the above data 
applicable to the general problem? The theoretical formula, 
ignoring friction or other losses, and when the standpipe is of the 
same diameter as the main supply pipe or tunnel, is very simple. 
In that case the residual energy of the water in the long pipe 
must be absorbed by the work done in lifting a column of water 
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in the standpipe to a mean height of one-half its own height. 
would be expressed by the formula 
ZT x 


where Z = length of pipe or tunnel, 


h head due to velocity = —-> 
XV = rise in standpipe above level of reservoir. 
Equation (3) can be expressed as 
or substituting the valve of 4 in terms of v, we have 


A=O0.176uvV LL... (5) 


Applying the formula to the experiments in Tables I and IL 


taking L == 49 feet,V [L =7 feet, we find the values for XY, re- 
duced to inches, in Column 10. 


TABLE I. 
WrovGut IRON Pipe with GLass TUBE STANDPIPE. 


L 
a 933. 


in Inches. 
Level Line in 
Inches. 

Level Line in 
Friction 


Water per 

Minute. 

per Second 
Velocity Head 
Water Below 
Water Above 


Pounds of 


Inches. 
.03913 25.13 
08863 21.87 
4353 17.00 
03910 12.56 


Mean 


TABLE IL. 


WrovuGat IRON GLAss TUBE STANDPIPE. 


279 
This 
. (3) 
1 2 3 4 5 6 7 8 9 10 
zs 
- 13.25 6.12 1.70 0449 539 24 12.00 
11.75 5.42 1.48 0841 409 18 11.35 
3..| 908 4.19 1.15 0206 247 12 10.50 
6.75 3.11 0112 | .135 6 9.00 
0401 d° 
1 | 2 | 3 | 4 | 5 | 6 7 | 8 9 | 
| 
6... 16.37 7.56 3 9 27 
7..| 12.87 | | 6 23 | 
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TABLE III. 


WrovuGcut PIPE with Wrovuaut [RON STANDPIPE. 


5 


8 41.25 | 19.04 1.84 0526 .631 | 18 19 0425 27.20 
36.00 16.62 1.60 0398 MNT 2 1h 23.65 


0198 


13. These values of .V are plotted in Figs. 83 and 85, and reveal 
the difficulty of constructing a formula which will give results 
fitting the experiments noted. 

It is, perhaps, reasonable that in the case of the smaller pipe the 
greater deviation from the theoretical rise should be found, but 
the indications are that in the larger sizes the rise will approach 
close to the theoretical height. 

14. To illustrate the application of the formula. Assume a 
7-foot diameter tunnel, 24,000 feet long, supplying 100 million 
gallons of water per 24 hours, causing a velocity of 4 feet per 
second. 

If the standpipe is of the same diameter as the tunnel, the 
theoretical height to which the water may rise will be 0.176 x 4 
x V 24,000 = 0.704 x 155 = 109 feet. 

Should the standpipe be enlarged to 12 feet diameter, the equi- 
valent height to which the water will rise can be found by the 
formula. 


2 
where d = original diameter of pipe, 
h = height of column as found by equation (5), 
| D = enlarged diameter, 
; H = height in enlarged pipe. 
Making these substitutions we have 
0.7 x 109 = 12 x Hor 
H = 64 ft. 
The case of a 24-inch pipe, 26,000 feet long, velocity of water 
3.50 feet per second, and having a 10-foot standpipe, is given me. 
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15. The theoretical rise in the standpipe if it were also 24 inches 
in diameter is, according to formula (5) equal to 


0.176 x 3.50 x of 26,000 or 0.616 x 161 = 100 feet. 


To reduce this to a 10-foot diameter standpipe we have— 


9x 100=10 H. 


IT = 20 feet. 


DISCUSSION, 


Mr. George W. Colles.—Attention should be called to the fact 
that the height to which the water will be raised in the standpipe 
by the sudden shutting off of flow represents the maximum pres- 
sure at the base of the standpipe only in cases in which there is 
little or no head of water in the standpipe when the water is 
flowing. It is true the author says nothing to the contrary; 
but of what use are the conclusions of the paper if not to exhibit 
the maximum possible pressure in the pipe ?—to determine which, 
however, the author’s equations are in most practical cases use- 
less, or at most but partial, as the problem must be approached 
from a different direction. 

The maximum pressure in the pipe caused by the shutting off 
of the water will of course occur at the end of the moving body of 
water—at the junction of the moving and stationary columns, if 
a standpipe be present. Designating by Z and V the length 
and velocity of the moving column respectively, by 7 the 
length of the stationary column at the epoch of steady flow, by 
v the common velocity just after the flow has been shut off, and 
by ¢ the time from the commencement of the shutting off till the 
two columns are assimilated to the velocity 7, we have, as the 
joint momentum of columns of unit mass per unit length, 


LV=(L+i)z, 


whence 


The force f necessary to produce this change of velocity in each 
of the columns will naturally depend on the time ¢ in which it 


LV 


282 A NEW HYDRAULIC EXPERIMENT 


takes place. According to the well known equation of forces, 
we have 
t £V 
~ 


and this force must be added to the head of water 7 existing in 
the standpipe during flow in order to obtain the total pressure 
(neglecting friction) to which the pipe is subjected. The quan- 
tity 7/g is in terms of head, so that we have for the total head 


LV 


In the cases adduced in the paper, the head, / in the standpipe 
is practically nothing, so that the momentary head, //, is also 
trifling; but suppose, in Experiment 8 (Table IIT.), for instance, 
a head of 50 feet were present in the standpipe during flow, as 
would be nothing unusual in practice; then / = 50, 1 = 4s, 
= 1.84, and 


x 


50 x 48 x 1.84 


If it requires j, second to shut off the water, then // = 64.5 feet, 
that is, an excess of 144 feet, as against 3 feet 0 inches theoreti- 
cally required by the author’s equation, which is independent of 
the head in the standpipe. 

To the case of an ordinary water-pipe, which has no standpipe 
attached, the equations and examples of the paper have no appli- 
cation whatever, and are therefore not merely useless but mis- 
leading. In this case the head generated by the sudden shutting 


off of the water becomes 


gt 


there being no release for the imprisoned water, which must be 
brought to a dead stop in a very limited space of time. Taking 
the same case as before, but removing or plugging the standpipe, 
we should have, therefore, Z = 48, V = 1.84, ¢=0.1, and 
48 x 1.84 
= = 27.5 feet 
32.2 x 0.1 
which of course must be added to the head previously existing 
at the same point. 
It will be seen, therefore, that the cases occurring in practice 
cannot be figured from the equations given in the paper, as the 
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pressures attained depend on wholly different considerations. 
For example, a long turbine penstock, in which the water is 
allowed to reach considerable velocity, and is then suddenly shut 
off or violently checked at the lower end, would burst if not pro- 
vided with relief valves, although the height to which the water 


320 


3 4 5 j 7 
Carpenter, RC. VELOCITY iN FEET PER SECOND Am. Bank Note Co.. NY. 


Fia. 86. 


would rise in a standpipe of enlarged diameter would be insig- 
nificant. 

Prof. R. C. Carpenter.—The experiment which Mr. Nagle de- 
scribes is essentially of the same general nature as one described 
by the writer in Vol. XV, A.S.M.E., under the title of ‘‘ Some 
Experiments on the Effect of Water Hammer.’’ I introduce a 
diagram showing the general results of that test (Fig. 86). The 
experiments were made on a two-inch pipe through which the 
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water was allowed to flow at various velocities which were meas- 
ured with a Pitot tube (Fig. 87). A valve was connected to the 
pipe which could be suddenly opened and closed as desired. The 
static pressure on the pipe averaged very closely to 27 pounds. 
The resultant pressure produced by the sudden closing of the valve 
depended upon the velocity of the water flowing, how suddenly 
stopped, and also as to whether or not an air chamber was sup- 
plied. This pressure, in case of the pipe with no air chamber, 
in some cases went to 300 pounds, or more than ten times the 
initial static pressure. In the test referred to the pressures were 
measured by use of a delicate indicator. 

In the discussion of that paper the late Prof. DeVolson Wood 
presented a formula for theoretical consideration which was not, 
however, entirely satisfactory. Quite recently this matter has 
been very thoroughly investigated by Prof. M. Joukowsky at 
Moscow, and the results of all the investigations have been 
compiled by Mr. ©. Simin in a paper which is soon to be pub- 
lished by the Association of Engineering Societies. The Jou- 
kowsky experiments were made on large pipes from 1,000 to2,500 
feet in length and were very exhaustive. Joukowsky deduces a 
formula for the velocity of propagation of the pressure wave and 
also for the maximum additional pressure produced by the clos- 
ure of the gate. The formule produced are rational and agree 
very closely with the experimental results. The formula for the 
velocity of wave propagation is 

Y 2h y 
hg ekg 


where 2 72, = diameter of the pipe. 
e = thickness of the walls of the pipe. 

#= Young’s linear modulus of elasticity for the 
material of the pipe = about 1,000,000 kilo. 
per square centimeter for cast iron. 

# = volumnar modulus of elasticity of water = about 
300,000 pounds per square inch. 

y = weight of unit of volume of water. 

g = acceleration gravity. 


p, = ” =density of water. 
g 
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The formula for the maximum additional pressure, 7’, produced 
by the closure of the gate, is as follows: 
where = extinguished velocity of water in the pipe. 
A = speed of propagation of the pressure wave in the pipe. 
The other symbols as in the preceding formula. 

From these formule we notice that the velocity of wave propa- 
gation depends on the size, thickness and kind of pipe, and on 
the density and modulus of elasticity of the liquid. The increase, 
/?, of pressure varies in direct proportion to the extinguished 
velocity of flow, is directly proportional to the velocity of prop- 
agation of the pressure wave and of the density of the liquid. 
it is independent of the length of the pipe. 


The following table shows the calculated and observed velocity 
of the wave propagation in feet per second in cast-iron pipe. 


Velocity in feet per Velocity in feet per 


Diameter of pipe, inches. second, calculated. second, observed 


The following table gives the calculated value of additional 
pressure produced by suddenly arresting the flow in pipes of dif- 
ferent diameters in terms of velocity of flow in feet per second. 
Additional pressure for each foot 


= second of extinguished ve- 
ocity of flow in atmospheres. 


066 


Diameter of pipe, 
inches, 


G 
| 
. 
2 4,424 4,375 
4,116 4,100 
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From the table it is seen that increased pressure in small pipes 
(2 to 6 inches in diameter), for each foot of extinguished velocity 
of flow, equals about 4 atmospheres or 60 pounds. 

The experimental results measured with a very delicate and ac- 
curate apparatus agree closely with the calculated results, and 
substantially prove that the formule deduced are practically ac- 
curate. This theory and also the experiments indicate that 
under certain conditions when the velocity is arrested in a dead 
ended pipe the wave motion from one end may be superimposed 
with that from the other and a very high pressure may result. 

Experiments also indicate that the intensity of the shock or 
additional pressure produced will be lessened by slowly arresting 
the velocity of flow, and can probably be entirely obviated by 
closing the gate very slowly. The relation which the time of 
closing of the gate bears to the pressures produced is expressed 
by Joukowsky by the following formula: 


2] 2/ 
where 


= duration of closure of the gate in seconds. 
= velocity of flow of water. 
= pressure obtained per unit of extinguished velocity 
water, v. 
v hk = full maximum shock pressure. 
P*'= the permissable shock pressure. 
/= length of pipe line. 
A= velocity of the propulsion of the pressure wave. 


Sir Benjamin Baker—Some 20 years ago I was consulted 
about repeated fractures in a large cast-iron pipe about 3 miles 
in length with pumps at the lower end driven sometimes by tur 


bines and sometimes by steam engines, and delivering at the upper 
end into an open reservoir about 90 feet above the level of the 
pumps. The fractures occurred about 60 feet from the engines 
under a public road. Very large air vessels were introduced and 
the engines modified in a variety of ways without effect. Ile 
ascertained that the fractures never oceurred when the pumps 


were worked by the turbines, so instead of advising a new type 
of pump, as the authorities expected, he merely ordered a screw 
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action starting valve fer the engine similar to that on the tur- 
hines, so that the engines could not be started or stopped in less 
than aominute, No further fractures oceurred, as the latter ob- 
viously were due to the column of water continuing to flow on 
after the pumps were suddenly stopped and then returning with 
a water-hammer action on the pipe at its lower end. 

Mr. Tl. V1. Suplee, Referring to the experiments made by 
Joukowsky in Russia upon livdraulic shock or water-hamimer in 
pipes, [think that especial attention should be given to them, as 
thev excecd in magnitude and seale anvthing that has been done 
ani where in this litthe-studied question, The original memoir of 
Professor N. Joukowsky, of the Pechnical School of 
Moscow, was published in the Transactions of the St. Petersburg 
Academy of Seiences in’ Russian in PSYs, and again in German 
In 100, the latter, a large pamphlet, being entitled * Ueber den 
Hvdranlizchen Stoss in Wasserleitungsréhren.” and to be lad at 
the price of #4 marks, from G. THaessel, Leipzig. A translation has 
recently been made by Miss Olga Simin, daughter of an eminent 
Russian livdraulic engineer, Mr. Nieholas Simin, and published 
in the Transactions of the American Waterworks Association for 

Mr. A. OC. Walworth. It seems to me that this is practically a 
hvdraulie ram. With sueh a ram we could, were it not for frie- 
tional and other losse s. raise one-tenth of the water used to a 
height equal to ten times the difference of level between the water 
in the reservoir and the check valve when the water issues from 
the ram. We have alwavs thought it a rervy wasteful machine, 
but the figures given us by the manufacturers are surprising: so 
that a ram may raise 1-17 of the water to ten times the height 
of the fall, an efficiency of about 50 per cent. Figures have been 
mnade hy the makers which give the exact percentage. 

Mr. John C. Trautwine, Jr &—Noting vour paper, entitled 
New Iyvdraulie Experiment,” which was presented at the Annual 
Meeting of the American Society of Mechanical Engineers in 
New York, December, 1904, IT venture to bring out a certain 
point from a paper on Water Hammer, prepared by Miss Olg: 
Simin, and based upon extensive experiments made at Moscow, 
Russia, in 1897, 


The experiments were made on considerable lengths of pipe, 


* Non-member. 


19 
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sutticient to permit observations of the travel of the pressure wave. 

It appears that if the pipe is so long, or the time of closing the 
gate is so short, that the pressure wave has not more than time to 
travel from the gate to the origin and baek to the gate during the 
closing of the gate, then the full maximum pressure, ?, due to 


AY 


the closure of the gate and . Will be felt in some part or 


all of the pipe, no matter how slowly (within the limit mentioned) 
the gate be closed. But if the pipe is so short, or the time of 
closing the gate is so long that the pressure wave has more than 
lime to travel from the gate to the origin and back to the gate, 


then the maximum pressure, 7? = = Ld will not be reached in 


any part of the pipe. 

Tn this latter ot COUPSE, the more slowly the gate he closed 
(for a given length of pipe), or the longer the pipe (for a given 
duration of closure), the less will be the maximum pressure 
reached. 

The appleation of the principles established by these experi- 
ments would, [ think, enable us to determine in advance the 
height to which the water would rise in vour stand pipe in any 
given case, the necessary data being given. 

Mr. A. FL Nagle*—This problem, which T have attempted to 
solve, is an eminently practical one. The example given is an 
actual case where a standpipe 12 feet in diameter has been built 
toa height of 46 feet above the level of the water ina reservoir 
23,000 feet distant and with which it is connected by a tunnel 7 
feet in diameter. Provision will be made, however, for an over- 
flow. A branch to the pumps is taken from the standpipe at a 
point 10 feet below the reservoir level. Mv theoretical formula 
vives the rise of water in this standpipe above the reservoir level 
as 64 feet, if the pumps should all suddenly cease to operate, a 
contingency not likely to arise, but one well to provide for. While 
it is true that the actual rise must be less, I confess [ do not know 
how to introduce the factors for friction into this formula. The 
experiments with the Linch pipe show the aetual rise to be 70 
per cent of the theoretical, quite uniformly for the three experi- 
ments, but those obtained with the J-inch pipe (viz., 48 per cent., 
51 per cent., 62 per cent., and 71 per cent.), do not show any 


* Author's Closure, under the Rules. 
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regularity in this ratio. This faet precludes the finding even of 


an empirical formula, and | am, therefore, driven to question the 


reliability of the $-inch pipe experiments. | was hoping some 
member would bring forward a formula which would take into 
account the friction, but instead of doing this, several gentlemen 
have discussed water-hammer and resulting pressures, subjects 
with which I do not deal. 
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No. 1068,* 
ROAD TESTS OF BROONS PASSENGER LOCOMOTIVES. 


BY A. HITCHCOCK, COLUMBUS, oO. 


(Member of the Society.) 


1. This paper is presented to the Society because the writer 
believes it will be of some importance to those members interested 
in locomotive performance in that the results obtained represent 
actual every-day practice on two types of machines, and also be- 
cause it supplements some trials on freight locomotives conducted 
on the same road and in nearly the same manner, the results of 
which were presented at the Chicago meeting of the Society, one 
special point of interest for all cases being the boiler heat balance. 

2. As the Hocking Valley Railway Company wished to draw 
comparisons between the two types of engines used at the time in 
their passenger service between Columbus and Toledo, it was de- 
cided to conduet at least four trials under as near as possible identi- 
cal conditions, two on each locomotive. 

3. These trials were carried on as thesis work by Messrs. FE. i. 
Feicht, F. Singleton, R. B. Smith and B. S. Watters, members of 
the 1904 elass in Mechanical Engineering of Ohio State Univer- 
sity, ably assisted by R. E. Rightmire, representing the railroad 
company. 

4. The locomotives were of Brooks make, dimensions of which 
are given in the following pages, the greatest difference, however, 
being the Belpaire type of boiler, with 72-inch drivers on No. 73, 
and the Wagontop boiler, with 66-inch drivers, on No. SO. No. 73 
had been in service several years, but was thoroughly overhauled 
nine months previous to the trials, and had been in continuous 
service from that time, while No. 80 was practically new, having 
been in service only two months before her trial. In each ease, 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 
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however, where needed, the engines were given new piston rings, 
the valve seats were put in good condition and valves reset so that 
each engine worked * square.” 


Apparatus and Preparation. 


5. The apparatus used, although practically the same as on the 
trials of the consolidated freight engine the previous years, was as 


Fia. 89. 


follows: A gauge glass and seale on each side of each tank for 
determining the amount of feed water. A Barrus calorimeter 
connected to the dome. A Hohmann and Maurer mereury 
pyrometer inserted in front end. Draft gauges in the cab to 
indicate fire drafts at front end, fire-box and ash pan. The same 
flue gas-sampling and collecting apparatus was used as in previous 
vear, and also the same combustible collector at the stack. A 
continuous counter was driven from the reducing motion, and also 
an indicating tachometer from the forward truck axle. Two 
indicators were used on each cevlinder, with }-ineh pipes, 9 inches 
long, well lagged, connecting to each end of each evlinder. The 
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indicators used were American Thomson and Star Brass outside 
spring. Slotted pendulum reducing motion was used, with excep- 
tion of on one side of No, SO, where a pantograph was substituted 
on account of the air tank interfering with the other form of re- 
ducing motion, this tank being located underneath the running 
board. A continuous stroke counter connected with the air pump, 


Fie. 90. 


receiving its motion from a small plunger working in a_ brass 
evlinder, 

6. Figs. 88, 89 and 90 show the form of wind shield used, its 
wings extending back past the evlinders, all serving a very good 
protection: the stack-refuse collector bolted to side of the staek 
and the flue-gas sampling and collecting apparatus fastened to the 


name plate on front of boiler, 


Method of Conducting Trials. 


7. Since these trials extended over the whole division, a dis- 
tance of 124 miles, the total amount of coal used from the time the 
fires were first started in raising steam until the end of. the run 


a 4 
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was easily obtained. The thickness of the fire was noted at the 


commencement of the trial, and also the amount of coal used up 
to that time, when at end of trial the 


fire was left as near 
as possible in same condition. 


It was then allowed to burn out, 
then dumped and the ash pan thoroughly cleaned, so that the 
refuse obtained in the ash pan was from the total coal burned. 
The sack method was used for determining accurately the amount 
of coal used, 

s. The number of injector applications were noted, so as to 
make correction for loss at overtlow, also the number of times and 
length of popping of safety valve, the loss of steam in this diree- 
tion being determined from a test of the pop valve while in place 
on the engine, 


4 The steam used from the air pump was computed from the 


data furnished by the New York Air Brake Company. 

10. All readings and indicator cards were taken at intervals of 
four minutes, with the exception of the sample of tlie gas, which 
was taken practieally every eight minutes. 

11. On aeecount of the risk involved, it was considered advis- 
able not to attempt to read the calorimeter except when going inte 
the station or in pulling out; so that, in all probabilities, there 
would be some variation between the amount of moisture deter- 
mined and the true average. 

12. The stack-refuse sampling apparatus was so constructed 
that the colleeting pipe could be fastened at three diferent points 
ona radius of the stack. It was elamped in each of those positions 
for practically one-third of the run. 


General Dimensions. 


H. V. Passenger Locomotive. 


No. 73. No. SO. 
Weight on drivers. . 


84,000 Ib. 87,000 Ib. 
truck wheels .. 14,000 * 16,000 
Total weight.. .128:000 133,000 
Weight of tender. . 95,000 * 102,000 ° 
Wheel base, rigid 8 ft. 9 in. Sft.9 in. 
Length of engine .... 36 “ Of 
Height of center of boiler above rails * 
top of stack above rails ............... 
Heating surface, fire-box .................54. 161 sq. ft. 170 sq. ft. 
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No. SO. 
29 sq. ft. 


66 in 


Grate area ere 

Drivers, diameter in inches 
material of centers cast-steel, 

Main wheel fit 

Truck wheels, diameter 

Journals, driving axle, diameter . in. X 11 in. 


x iz” 


truck axle, 

Main eran! pin, diameter 

length 
Cylinder diameter 
Piston stroke 26 in. 

rod diameter. 34 

Kind of pemton rod packing... Jerome. 
Length of main rod, center to center... 7 ft Yin. 
Steam ports, length.. 


width. 


Exhaust ports, lengt} 


width. 
~width . 
kind.. 


greatest trave l. 


Richardson. 


outside lap 


inside lap oe 


Boiler, type .... ' Belpaire. Wagon Top. 
Working steam pressure ISO ISO lb. 

Material in barrel. carbon Steel, Otis steel, 
Phiekness of material as 
Barrel, outside diameters 621 in. 


Kind of seams, longitudinal. quintuple lap. sextuple butt. 
circumferential . double lap. 


double lan. 
L tite sheet. thickness 


in. 


vind of crown sheet stavs .. Tennessee iron, Tennessee iron 


lome, diameter outside. in. 


re-box, length 10S in. 


width * 


back 


material carbon steel. ()tis steel, 


width of water space... .4 in. front, sides and back 34 in. 4 in. all around 
ite, length. 107 in. 106} in. 

Rocking finger. Rocking finger 
number of bars........ eT 10 


kind... 


bes, number ..... 205 
Shelby steel. 

length over sheets 11 ft. 7;', in. 11 ft. 7,’ in. 


1oke-box, outside diameter 


material 


65 in. 


No, 73. 
5h 
Downing. 
7 it. in. 
17 in 
13 
7 7 
Bridge * iz” 
Valves American, 
in 6} in. 

in. 
107} in. 

62 * 
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NO. No. SO. 

Smoke-box, length... .. 60 in. 60 in. 
Exhaust nozzle, single or double ............. .Single. Single. 
fixed or variable fixed, fixed. 
diameter 42 in. 5in. 
Distance of tip from center of boiler 24h in., above. 7 in., below. 

‘4 


Netting, size of mesh . in. L4in. 
Stack, kind........ .tank steel. cast-iron, taper 

diameter ....... & 157”) 144 in & 173 in 

“height above smoke-box. 43 in. 
Ratio of air space to grate area .......40 per cent. 15 percent. 
Width of air space... . . Sin. 
Tender, type .8 whe eled, S-wheeled. 
Wheels, diameter.. 33° In, 

Distance between centers ° 
Diameter of center of axle oe 
Length of tender over bumper bar ft, 102 ih, 23 ft. Oin. 
Tank capacity ... .. 9,000 gals. 5, 000 gals. 
Kind of material . . ....steel. steel, 
Length of tank .. . Cin. 19 ft. Gin. 
Width of tank... . 9 “ 10 
Height of tank to collar... ... a” 
Tires, make. . Standard Steel Co. 
Sight feed lubricator ... Ee ne . Michigan triple. Michigan triple. 
Front and back couplers . . keye short shank. Buck’ye I'gs’k. 
Safety valve .3 in. Coale. 3 in. ronda 
Sanding devices... “D” 2 double. Leach “A” double. 
Air brake ¢ equipment New York. New York, 
Tender brake beam . Monarch. Simplex. 

Brooks. A. L. Co.’s. 
Steam gauges Ashcroft. Star. 


GENFRAL ReEsvutrts, 


Boiler Perjormance. 
No. 80. 
Number of trial : 3 
Date of trials ..... 5-3- 5-6~-'04 
Duration of trials, al, ; 2.96 2 64 
ing ti 2.58 2.36 
2.09 
Number of stops : 11 
Kind of fuel , ‘king. Hocking 
Clear. 
E. 
6 


“ce a“ 


nN 


| 
8. 
q 9. 
q 10. 
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Average Pressures. 


. Steam pressure at dome 

Barometer . 

Absolute steam pressure 

Force of draft, front end 
fire-box . 


ashi-pan 


Ave Te m pe rature 


Iexternal air . deg, 
escaping CAses. 


Feed water in tank. 


Thickness of fire 11 
Weight of coal fired. 7.508 
before start 1,067 
during run .... 6,441 
Percentage of moisture in coal by analysis . 7 
Weight of dry coal fired 
refuse in pan 
Percentage of refuse in pan tocoal .. 
. Combustible in refuse 
. Total combustible minus comb. in pan . 
ash by analysis 
Weight of ash passing flues 
Total refuse passing flues. 
Percentage of ash lost to total ash 
refuse through stack to coal .... 
Equivalent coal actually burned . 5,743 5,566 
Net dry coal burned. “ BaL0 5,160 
combustible burned * 4.890 4,565 


Fuel Analysis—Proximate Analysis. 


14 


Fixed carbon... .... cent. 49.70 
. Volatile matter .. 35.86 34.30 


Ultimate Analysis. 


.. per cent. 
Hydrogen 


Oxygen 
Nitrogen 
. Sulphur 
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No. SO. No. 80. 
11 157 
15 1.19 1.5 
bs 65 7) 
Fuel. 
20 
21 |_| 
26 
30) 
31 
32 
33 
34 
39 75 
30 
37 
39 
41 
4 68.9 68.58 
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Analysis of Pan Rejuse. 


per ce 


A nalysis of Stack Re 


per cent 


Fuel per Hour Steaming Time. 


Equivalent coat burned 2.486 663 

. Combustible burned. 2,187 
Actual coal fired per square foot grate yanare 95.6 106.2 
Equivalent coal burned per square foot grate 91.8 


. Combustible burned per square foot grate.. 73:4 


heating sur- 


Calorijic Value of Fuel. 


. Calorifie value per pound of actual coal by Mahler 
Calorimeter . 12,184 


. Calorifie value per pound of dry coal . 13,120 


combustible 14,265 14,.3M4 


stack refuse . 10,750 10,390 


Quality of 


Steam. 


. Quality of steam at dome (dry steam-unity) ; 
correction 


Water. 


Actual weight of water fed to boiler 6,680 
Equivalent weight of water actually evaporated 
into dry steam lb. 37,963 
Factor of evaporation . 
Equivalent water evaporated into dry steam from 
and at 212 degrees .. . 48,612 


Water per Hour Steaming Time. 


Equivalent evaporation per hour from and at 212 

Equivalent evaporation per hour from and at 212 

degrees per square foot heating surface | 9.45 
Horse-power developed by boiler (34.5 lb. rating)... 449 533 


Na. SO. No. SO. 
| 75.77 73.20 
53 
54 
55 
56 
54 
SS 
65 9843 9875 
66. 
67. 
6S. 207 
OY. 
70. 
5 
72. 
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Economic Results. 


3. Water apparently evaporated under actual condi- 
tions per pound of coal as fired oe 
Equivalent evaporation from and at 212 degrees 
per pound of actual coal fired oe 
Equivalent evaporation from and at 212 degrees 
per pound of dry coal fired 
Equivalent evaporation from and at 212 degrees 
per pound of combustible, minus pan com- 
bustible 
Equivalent evaporation from and at 212 degrees 
per pound ot equivalent coal burned. 
Equivalent evaporation from and at 212 degrees 
per pound of dry coal burned sion 
. Equivalent evaporation from and at 212 degrees 
per pound of combustible burned 


fficie ncies, 

Efficiency of boiler from combustible, minus pan 
combustible 
Efficiency boiler from combustible burned 


of boiler and furnace from coal fired. 


Flu Gas Analys S hy Weight. 


Carbon dioxide 

Oxveen 

Carbon monoxide 
N Nitrogen 


Percentage of air excess 


Heat Balance. 


B. 


Loss per pound of coal due to products of com- 
bustion . 


Loss per pound of coal due to air excess 


latent heat 

* unburned coal in 

2. Loss per pound of coal due to unburned coal 

3. Loss per pound of coal due to CO. _— on 

« © gadiation, ctc.... 430 

. Heat used in evaporation 6,940 


‘6. Total heat supplied 


B.t.u. 


1,348 
683 
492 


657 


1,320 


394 
7,290 


12,184 
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SO. Na. SO. 


6.33 


15.45 
S54 
76.00 
59.09 


11.03 
5.61 
4.04 


5.40 


10.83 
.04 
3.24 
59.81 


| | 
7 
6.02 | 
7 
7.18 7.55 
7 
7.73 S.14 
7 
S1 
7 
8.73 
‘ 
8.63 9 .42 
4 10.6 
80. 
60 64. 
81 63.7 69, 
82. 57.2 59.8 
83. ( 15.41 
16.44 
137i 11.3 
539 
9 4.09 
4.44 
939 
5.53 
3 6 
} 57.2 
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Engine Performance. 


No. 80. No. 80. 
Average speed in miles per hour .................... 47.9 52.4 
Horse-power, right cylinder, head end............... 148 169 
left = 157 183 
Safety valve, number of times popped................ 9 3 
‘pounds of steam escaped .............. 1,596 340 
Steam lost at calorimeter and aspirator... ............ 229 224 
Dry steam lost by pop. calorimeters and aspirator...... 1,825 564 
Dry steam used by engine and air pump.............. 36,138 39,711 
Indicated horse-power, hours ...................... 1,420 1,472 
Pounds dry steam per indicated horse-power per hour 
4 Dry steam used by 731 750 
Pounds dry steam per indicated horse-power per engine 
Boiler Perjormance. 

8 No. 73. No 73. 
3. Duration of trials total, hours .............00.. 3.09 3.02 
5. steamme time... . 2.34 2.34 

Cloudy ) Clear. 


14. pressure at dome... lb. 174 170 


10. Velocity of wind, miles per ho’ 
Average Pressures. 
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No. 73. 
. Absolute steam pressure . 188 
. Force of draft, front end in. 2 


m= .t 
“a 


fire-box 1 
ash-pan.. 


Average Temperatures. 


. External air . . deg. F. 
. Feed water in tank ‘cag = 


Lump. Lump. 
. Thickness of fire pink 11.1: 
2. Weight of coal fired. . . 8 S65 
before start 1,746 
“during run 7,119 
5. Percentage of moisture in coal by analysis. .. .. 6.847 6. 
>. Weight of dry coal fired . 6,010 6,642 
“of refuse in pan ..... 952 830 
Percentage of refuse in pan tocoal ...... i" 11.62% 9.3: 
. Combustible in refuse . .. lb. 396 289 


. Total combustible minus comb. in pan ........ ‘6,408 7,113 
. Total ash by analysis . 838 869 


. Weight of ash passing flues. . . 282 328 


9 
31 


. Total refuse passing flues ......... S74 1,285 


. Percentage of ash lost to total ash. 33 37 
ae 


of refuse through stack to coal ...... 10 14. 


> 


6. Equivalent coal actually burned ... Ib. 5,667 5,996 
37. Net dry coal burned......... 5,585 


combustible burned... 5,000 


Fuel Analysis—Proximate Analysis. 


Fixed carbon .... per cent. 
0. Volatile matter 
. Moisture 


Analysis. 


Carbon per cent. 
. Hydrogen 

. Oxygen 

. Nitrogen 
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No. 73. 
13 184 
14 3. 
15. v1 1.8 
17 OS. 69. 
1 778. 775. 
if 76. 67. 
Fuel. 
2 
2 
2 5% 
18.78 47.84 
34.16 35.66 
6.84 6.70 
Ultimate 
69.13 68 .0S 
5.40 5.40 
13 14. 
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Analysis of Pan Rejuse. 


. Combustible per cent. 


Analysis of Stack Refuse. 


per cent. 67.08 
32.3: 


Fuel per Hour Steaming Time. 


Actual coal fired 
54. Equivalent coal burned 
55. Combustable burned 
Actual coal fire per square foot grate 
. Equivalent coal burned per square foot grate 
58. Combustible burned per square foot grate 


heating surface 


Calorijic Value o} Fuel. 


. Calorifie value per pound of actual coal by Mahler 
calorimeter «202,230 12,151 


51. Calorifie value pe r pound of dry eoal.. 3,13 13,020 


combustible. 4,77: 14,560 
stack refuse ......... 9,590 10,550 


Quality of Steam. 


- Quality of steam at dome (dry steam—unity)...... 
35. Quality correction 


Water. 


Actual weight of water fed to boiler . 43,940 43,950 
Equivalent weight of water actually evaporated 
into dry steam 43,369 43,383 
. Factor of evaporation .195 1.202 
. Equivalent water evaporated into dry steam from 
and at 212 degrees 51,826 52,146 


Water per Hour Steaming Time. 


. Equivalent evaporation per hour from and at 212 
degrees 16,770 17,270 
. Equivalent evaporation per hour from and at 212 
degrees per square foot heating surface 8.46 8.75 
Horse-power developed by boiler (34.51 lb. rating). 486 500 


; No. 73. No. 73. 
2 34.86 
2,562 
2.136 
895 98.7 
78.6 83.2 
65.1 69.3 
59. 1.01 1.08 
60 
63. ae ae oe 
9824 9824 
OST 9871 
66 
67 
68 
69 
7 
72 
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Economic Results. 


Water apparently evaporated under actual con- 
ditions per pound of coal as fired . 

Equivalent evaporation from and at 212 degree 
per pound of actual coal fired _ 

Equivalent evaporation from and at 212 degree 
per pound of dry coal fired er : 

Equivalent evaporation from and at 212 degrees 
per pound of combustible Minus COM 

Equivalent evaporation from and at 212 degree 
per pound of equivalent coal burned 

Equivalent evaporation trom and at 212 degree 
per pound of dry coal burned . 

Equivalent evaporation from and at 212 degree 
per pound ol combustible burned a 


kf 


ficiency of boiler from combustible minus pan 
combus tible 
efficiency boiler from combus tible 


of boiler and furnace from coal fired. 


Flu Gas {nalysis by We ight. 


Carbon dioxide. 

Oxygen ‘ 

Carbon monoxide 
N Nitrogen 


Percentage of air excess 


at Balance 


B.t.u 
Loss per pound of coal due to products ot 


Loss per r arene coal ae to air excess .... 628 


latent heat... . 
unburned 
inpan .... 660 
Loss per pound of coal to coal 
passing out stack ....... 1,018 
Lose por pound of duetoCO ........+: 11 
ete. 
Heat el in evaporation 


Total heat supplied 
20 
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NO. No, 73. 
73. 
6.17 
7A. 
§.03 7.32 
75. 
.62 7.86 
76. 
10.3 9.13 
9.14 8.71 
78. 
S2 9 35 
79 
11.1 10.4 
80. 
81. 72 69.3 
82. 63.4 58.2 
84. | 7.4 7.56 
Sb. 76.05 76.05 
18.11 49.53 
Btu 
12.48 1419 11.67 
9, 5.13 1.9 
90. 3.99 196 1.08 
1. 
5.39 839 3.61 
92. 
8.32 1653 13.6 
93. 09 147 1.23 
4 
327 2.66 
15. 63.48 7,075 58.27 
12,151 
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Engine Performance. 


Number of cars in train. 
Gross load in tons .. 
Total miles 
“revolutions . 
Average speed in miles per hour 
revolutions per minute 
Steam pressure by gauge 


Horse-power right evlinder, head end . 


crank end 
head end 
crank end 
Total 
Safety valve, number of times popped 


number of seconds on . 


“pounds of steam escaped ... 
Steam lost at calorimeters, dome and aspirator ‘ 
Dry steam lost by pop, calorimeters and aspirator, 
‘i used by engine and air pump 

Total hours throttle open 

Indicated horse-power hours 
Pounds dry steam per indicated horse-power per hour 

including air pump . 

Total strokes of air pump 5.040 
Dry steam used by air pump . 753 
Pounds dry steam per indicated horse-power per engine 

alone 
Ton miles 17,690 17,690 


Pounds coal per ton mile : ae Ib .402 


steam per ton mile 


General Results. 


15. From the readings taken eurves are plotted between mile 
posts as abscissae and the following: fect elevation of road: miles 
per hour; steam pressure; initial pressure in eylinder; total horse- 
power; notches of reverse lever from center; smoke-box draft and 
smoke-box temperature. There are two sets of eurves on each 
sheet, one set for each engine, thereby showing at once the relative 
workings of the two at any point in the road. 

14. Although the results of four trials are given, five runs were 
made in all; the results of the first one on number 80 not being 
given, as it served as a practice trial in many respects, some of 
the observations not being complete, and then, also, on account 


of the cool weather it was necessary to have steam on the train, 
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which fact, however, when the following runs were made, gave 
some figures on the amount of steam required to heat the train, 
made up of four vestibule cars; that is, one combined baggage and 
mail ear, two coaches and one parlor car. 

15. The total water used on this run was about 4,200 pounds 
more than on the following trials, all conditions being very nearly 
the same, with the exception of wind and outside temperature, 
whieh was 11 miles per hour from the north, with a temperature 
of 43 degrees F.. as against S miles per hour from the south- 
eust afta te perature of 65 degrees I. As will be seen, all the 
eveneral results lie quite closely together, or as close as could be 
expected, when consideration is taken of the irregularities that are 
bound to creep in on a regular service test. In comparing runs 2 
and 3. in the latter case the speed was much higher and conse- 


quently the amount of steam us d greater. This was due to late- 
ness in starting, thereby making an average speed in miles per 
hour of 52.4 and a maximum indicated horse-power at one point 


of 1,383, yet the maximum speed for No. 8O was on trial No. 2 


78 niles per hour, On trials 4 and 5, with engine No. 75, the 
maximum speed attained was very nearly S2 miles per hour and 
the maximum indicated horse-power 935, there not being such a 
variation as in the trials of No. SO since the times in motion were 
almost identical. In every case the highest speeds, as shown on 
the eurve, were reached at the same points in the road, between 
mile posts 90 and 91, also between mile posts 6S and 69, 

16. In comparing the several heat balances, although as a whole 
they are quite similar, the slight variations that do exist may be 
explained. With trials 2 and 3 the greater loss out of the stack 
in trial 3 is due to the much higher speed. Trial 2 shows a much 
ereater loss, due to formation of CO. If that factor had been prac- 
tically eliminated, as in trial No. 3, although the loss due to air ex- 
cess would probably have increased, due to more free oxygen in 
the eseaping gases, yet there would be a consequent increase in the 


boiler efficiency, putting it above that of trial No. 3, on account 
of the less loss from the stack. Therefore, with the same losses 
out the stack the efficiencies would be very nearly the same. In 
trials 4 and 5 the greatest difference is in the loss from the 
stack, with also about the same difference between the boiler e.1- 
jencies. but when the difference in the loss due to unburned coal 
‘n the pan is taken into account, the boiler efficiency for some 
veason on trial 4 is too high. This is accounted for by the fact that 
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during trial No. 4 the mud ring started to leak and, as this could 
not very conveniently be gauged, or very accurately estimated, 
the total amount of fed-water to boiler used in computing the 
tinal results, the evaporating and consequently the boiler efficieney 
would run higher than the true value, with a consequent reduc- 
tion, as found, in the loss due to radiation, ete. 

17. Considering this loss on trial 4 as unreliable and taking the 
average unaccountable loss of the other trials and comparing with 
the same losses obtained in the same way on the consolidation 
freight referred to before, the passenger runs give 3.15 per cent. 
and 1.55 per cent. for the freight, which figures would not neces- 
sarily indicate that the loss in this direction was less in case of the 
consolidation engines, in view of the way this loss is determined, 
that is, by difference, thereby containing all errors of observation, 
sampling, ete., and thereby a small percentage of difference in one 
large item of the heat balance would make a large percentage in 
that of the * unaccountable loss and radiation.” All the heat 
balance results obtained thus far seem to indicate that the loss 
referred to would be about 3 per cent., which is about what might 
be expected for that type of boiler working under the conditions 
found. 

1S. It is also of interest to note that the average loss due te un- 
burned coal out the stack for the two trials with Hocking eoal on 
the freight engine was 14.48 per cent., while for the passenger 
engine, with the same kind of coal, the average of the four trials 
is 10.55 per cent. 


DISCUSSION, 


Mr. HT. de B. Parsons.—W len data are carefully taken from an 
engine in actual service, it is well to reeord the facts for the bene 
fit of others. The records here given were carefully obtained 
by the speaker during October, 1900. The locomotive tested was 
run over the West Shore and the New York, Ontario and West- 
ern Railroads. 

The locomotive was built in 1899, and was put in good order 
prior to the trials. The coal was weighed and none of the coal 
was used for banking fires. The water was measured by the con- 
tents of the tank in the tender, which tank had a water-gauge 
eolumn loeated on each side opposite to its center of gravity. The 


scales attached to the gauge columns were carefully calibrated 
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The readings were taken simultaneously, and the average taken 
to determine the true water level, 

The veneral data of the engine Is given in the accompanving 
table: as well as the reeord of the runs on the southern division— 
between Weehawken and Middletown—and the middle division— 
between Middletown and Norwich. 

The engine was run entirely in passenger service, 

The scheduled speed, including stops, Was, on the southern 
division, 31 2S miles per hour; and on the middle division 32.88 
miles northbound and 34.03 miles southbound. 

The coal was of poor quality, bituminous, run-of-nine. from 
Coaldale, Pa. 


The grades were very heavy between Cornwall and Norwich. 


GENERAL Data oF ENGINE, 


Number of driving 4 
Diameter of 68 
High-pressure evlinder, diameter—inches ...... 18 
Steam pressure, Ib... 180) 
27 
Diameter of tubes, 2 
Ratio heating surface to surface........ 72.5 
ReEcoRDS OF RUNS ON SouTHERN 
Weehairke nto Viddletown Distance (8.2 Vil 
& W. Locomotive No. 21 
ion of running South. North. South. North | South, North 
ht of train excl. of locomotive and tender, tons 218 1 226 235 
ex, 17.040 14.930 17.110 17.110 117.670 17.600 
steam while runnin 1tis 171 1 169 
er of stops..... 17 lt 1th 17 
nade up, minutes.. 12 12 3 
tes late, starting....... 2 0 53 


arriving 


N. ¥., O. & W. No, 21 
er 4s 1.7%) 2.330 1.685 2.198 1.693 2.190 
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Recorpd oF RUNS ON MIDDLE Diviston 
Middleton to Norivich— Distance, 146.9 Miles. 


O. & W. Locomotive No. 21 


Date. October, 1900, 11 12 15 1s 19 
Direction of running wine ca North. South. North. South. | North. South 
Weight of train exclusive of locomotive and} 

Ton-miles.... 35.100 | 26,440 2.530 36.430 2670 
Water used. pounds 74.350 | 55.850 S7.910 71.340 62,485 
Average steam While running.... 133 V4 174 19 171 
Number times injector started 3 18 11 16 13 
Number of stops .. 7 12 ti 13 7 
Time lost by detentions, minuies.... 12 16 3H li 
Time made up, minutes ... 1 16 21 
Minutes late, starting 10 2 
Minutes late, arriving .. ; 21 0 26 0 12 
Coal used per mile * 433 0.380 0,322 0.546 S68 
Water used per ton-mile 118 2.112 1 til 2071 1.458 
Apparent rate of evaporation 556 5.78 5.74 

* Doubtful 


Mr. (7, R. Hlenderson. | notice one or two things ot consider 


able interest in this. On page OT. article Py 


», it states that the 
percentage varied from 0.6 to 12.8. That will answer one of thi 
questions asked a short time ALO. 

It seems to me one of the principal points of interest is on 
page 303, the analyses of thie gas in which the proportion of carbo 
dioxide is shown as 165 percent. That is pretty large for a loco 

A. Bement.—1 think 16° per cent. CO. ean be secured 
from a locomotive tire without difficulty, during a continuous run 
provided the amount of coal required is not toe great for proper 
manipulation of the fire, It, of course, requires careful tirine 
Tam unable to estimate the possible maximum but consides 
that it conld not be more than 17 per cent. for any considerabl 
interval of time. 

In this connection | have come to the cone lision that it wl 


pay to employ two firemen, or an assistant fireman, on some los 


motives, beeause one man eaunet properly handle the tire in lares 
engines hauling important trains. One man cannot supply eoa 
almost continuously, shake the grate every tive minutes, an 
attend to some other minor duties; therefore grates are neglected, 
but if they were properly shaken, it would have an important 
beneticial effect on efficiency and capacity, which | have found t 
be true in some experimental work with locomotives. 

Doubling the number of firemen is a matter which does ne 
favorably present itself to operating officials; it would, however 
be a solution of some of the difficulties experienced with larg 


engines hauling fast or important trains. 


} 
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Mr. HW. Nave heard this question of the use of 
two firemen on oa loeomotive discussed more than once. and J 


have gathered from the opinions of railroad men that there is 


generally difficulty in getting two men te work in harmony. They 


either get in each other's Way, or come into contliet with each 


other, cach thinking that the other is trving to lav back and tet 
do all the work, and there is continual in! 
Vr. 1. The vor ral tren of this Lise West 


o be towards antomatic methods of tiring the locomotive. For 


stoking, Mar. Tenderson states that he wants a mat ith more 
brawn and muscle than head, Such are the lalitications of 
automatic stokers, 

Wi. llenderson. I would like to sa that in the last ten davs 
I <aw a test made of an automatic stoke r for locomotives, and the 
vetual amount of coal handled was 17,000 pounds per 
Bement. attention has bee n called by Mar. Welle 
‘ 


the Tact that the as analvsis in Professor Lliteheock’s ix 


we Instead of volume, There fore, the CO. eive is 


net very high, but the analysis represents average good prevailing 
les 

A. A. Cary.—There seems to be some confusion the 
diseussion of this patper regarding the fuel fas ich is 
due te these analyses being reported by weight instead of by vol- 


wine, as is the more common practice, 
Thus, by referring to page 209 we would tind these analyses, 


it reported by volume, would be: 


Column 
And by referring to paige 303 we would tind the analyses there, 


f reported by volume, would be: 


lst Column. Col 
per cent 10.881 per cent. 


Such analvses, if referred to the results obtained in stationary 
plants, would indicate fairly good furnace conditions. 


i 
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Mr. Green.—I would like to ask if any railroad company has 
tried using pulverized bituminons coal? Could that be used 4 

Mr. Henderson.—l would sav that T have investigated that 
though not ina very thorough way, still T investigated it and was 
confronted with the fact that the amount of fuel was much less 
than needed by the locomotive and the manufacturers did not 
seem to be in shape te supply the quantity of fuel needed by a 
locomotive, 

Mr. A A. (Cary l have had some experience with the lise of 
pulverized coal as a fuel, 

Under certain severe conditions it is an ideal fuel but those 
conditions are such as to restrict its use for the boilers of loco- 
motives, 

In the first place a more or less expensive equipment is required 
for pulverizing the coal so that its particles will not vary greatly 
in size and for bituminous coal carrving from 20 to 30 per cent. 
of volatile matter, the coal should all be reduced in size so as to 
pass through a screen of not over SO mesh. 

The less the percentage of volatile matter, the finer the coal 
should be pulverized, so that if anthracite coal be used, it should 
all pass through a sereen of 200 mesh. 

Anthracite is not a desirable coal to burn as a pulverized fuel. 

In the next place, to obtain the best results, pulverized coal 
should be thoroughly dried before it is delivered into the fur- 
nace so that its ignition will be almost instantaneous, 

If wet fuel is delivered into a hot furnace a delay in ignition 
is oceasioned by: Ist, the time required for the evaporation of its 
moisture, and, 2nd, by the steam cloud which is formed about 
each particle which prevents the oxvgen in the air from coming 
in intimate, immediate contact with the fuel, and such delavs 
often canse the fuel to be partially burned outside or bevend the 
special furnace which must be provided for its combustion and 
such a condition reduces the furnace efficiency materially. 

We thus see that in order to use pulverized fuel in the loco- 
motive, pulverizing and drving plants must be established along 
the line of travel and special provisions must be made in the 
tender to receive this finely ground coal and keep it dry until used. 
As pulverized coal has a great tendency te absorb atmospheric (or 
other) moisture, this would not be an easy proposition, and if the 


coal became perceptibly wet it would be apt to clog and accumulate 


in the feeding or delivering apparatus. 


ROAD TESTS OF BROOKS PASSENGER LOCOMOTIVES. oll 

For burning pulverized coal, a special furnace must be pro- 
vided entirely surrounded with a refractory brick or tile lining 
excepting, of course, at the place where the het furnace LUuses 
escape, 

With this lining we find another difficulty due to its compar- 
atively short life, even when constructed with what is ordinarily 
considered very refractory fire brick, nothing of the effect 
of the jarring sneha lining will constants receive ina locomotive, 

When using pulverized coal, we realize more mn arly the theoret- 
ical temperature of combustion of the coal than by any other 
commercial svstem of furnace tiring, and such high, concentrated 
temperature in the furnace causes ordinary fire bricks to melt or 
* shell” rapidly. 

With such conditions existing, Tam afraid that pulverized coal 
will hot become a Common locomotive fuel, although Without COn- 
sidering its attending difficulties, it is second only to oil as a fuel 


for locomotive use, 


4 


912 DISCHARGE OF WATER WITIL STEAM FROM WATER-TUBE BOILERS. 


No. 1069.* 


A BAD CASE OF DISCHARGE OF WATER WITI 
STEAM FROM WATER-TUBE BOILERS. 


CAUSE AND REMEDIES. 


BY » BEMENT, CHICAGO, ILL, 


Member of the Society 


1. This is a particularly interesting ease, because the trouble 
existed on a large scale, and the two engines seriously affected 
were of some 10,000 horse-power capacity. 

2. The methods emploved to study the trouble were unusual, 
the most valuable feature of which was the construction of an 
experimental boiler, a reproduction of the large boilers on a small 
scale, and provided with a transparent glass steam drum. By this 
means information was obtained which could not otherwise have 
been secured. 

3. The most important result of the investigations concerns 
the performances of water bates, a device place din the front e 
of the steam drums of water-tube boilers, for the purpose of «i 
flecting the water in circulation downward to prevent it being 
earried out with the steam. It was found that this device as 
used in the Heine type of boiler which discharged the steam from 
the front end of the drum, could be greatly improved. 

4. Conclusions regarding the utility of separators for removing 
water from steam is an interesting feature. 

5. Effect of drafts of steam caused by the flow to engines at 
the interval of valve opening, is presented in a graphie manner, 
explaining why the same type of boilers serving smaller engine 
were not affected enough for discharge of water to be noticed. 

6. The fact was also made evident that the present methods + 
determining moisture in steam is unreliable, on account of failur 


* Presented at the New York meeting (December, 1904) of the America 
Society of Mechanical Engineers, and forming part of Volume XXVI. of t! 
Transactions. 
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to obtain a representative sample. Also that the tendency is for 
the sample to show most moisture when flow of steam from the 
boiler is small, and least when the flow is greatest. 


Description of Plant. 


7. The investigations to be described were made in an electrie 


generating plant of 19.790 kilowatt capacity, of which Fig. 3 isa 
plan showing the main portion. Boilers Nos. 1 to 24 inclusive are 


te 

bed 


— 


Bement,A, SECTION AT B, SECTION AT A. 


Fig. 94.—W ater RAFFLE IN HEINE Borers. 


of tne same water tube type; Nos.2,4,6,8,10,12, and 14 of 3,800, 
and the opposite boilers of 4,340 square feet of heating surface each; 
Nos. 15 to 24 are of 4,800 square feet of heating surface each. 
All have two steam drums 42 inches diameter by 18 feet long, 
and are served by a chain grate stoker of an area of 72.2 square 
feet under each unit. 


8. Engines A to J are vertical triple expansion direct connected 
units, of 440 each for the smaller and 880 kilowatts each for the 
larger. K is a vertical cross compound Reynolds Corliss engine 
direct connected to a generator of a maximum kilowatt capacity 
of 4,500, and Z is a similar unit of 3,250 kilowatts. Another por- 


A B 
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tion of the plant adjoining the main engine room on the side 
opposite to the main boiler room, but which is not shown, contains 
four water tube boilers of another type of 5,000 square feet of 
heating surface each, and two generating units of 2,500 kilowatts 
capacity each, 

% Phe iain steam header, 16 inches diameter, is mounted on 
the boiler room side of the wall separating the boiler and engine 
room. Steam from the north row of boilers is carried across the 
room by elevated mains passing above the south row of boilers, 
from which steam is gathered by branch pipes leading into these 
mains. Engines A, B,C, D, BF, K and L take steam directly from 
the main header, by means of pipes which pass through the wall; 


I t 


HIGH 7 
Low — 


T 


95.—StTYLE oF BAFFLES. 


e diameter of these steam connections are 8 inches for the small 
ugines, 9 inches for the medium, 14 inches for engine K, and 
inches for engine L. By means of five tie-over lines leading 
om the main header, extending down below the floor, and across 
the other side, steam is conveyed to a header also below the 
or, Which serves engines I’, G, 7, I and J. The steam system 
that portion of the plant not shown, is connected with the header 
ich serves engines to 
10. The main header in the boiler room is in the three portions, 
‘division receiving the steam from boilers Nos. 1 to 8, another 
in Nos. 9 to 12, and the third from boilers Nos. 13 to 24. Thus 


re are three individual groups of boilers discharging their steam 


individual headers, which are joined by a inch equalizing 


+ 
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pipe. These different boiler groups are shown by differently in- 
dicated steam drums. Thus the boilers may be designated as east, 
middle and west groups. 
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Fic. 96.—SMALL Separator, ENGINE K. 


Man ite station of Trouble. 


11. Previous to the occurrence of the troubles to be described 
the plant contained engines A to J and boilers Nos. 1 to 14, an 
there had been no apparent indication of moisture in the steam 
being over 1.5 per cent. It was the practice just before the pea’ 
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of the load, to fill the boilers to a considerable height, for the 
purpose of realizing the advantage of a stored water supply during 
the heavy load, and there was no trouble caused by this practice. 
12. In the installation of the west group of units, boilers Nos. 
13 and 14 were detached from the middle header, and included in 
the west group comprising engines A and L, and boilers Nos. 13 
to24. When this new group was put in service, water was carried 


ARD BAFFLE 
> 
HIGH BA oy 
ly 
tA WATER LINE AT FRONT HEAD A y 


Fig. 07.—Resvutts or Tests or BAFFLES. 


these two engines, resulting in much trouble, as follows: 
‘lure to effect lubrication of valves, resulting in their not closing 
| the breaking of valve arms. The joints between cylinders and 
ds is that by a tongue and groove, in which a flexible packing 
ompressed; this joint failed as often as renewed, and at times 
ter squirted from the joints of the high pressure cylinders. 
uble was always greatest with heavy load on the engines, with 
(her high or low water in the boilers. While there was more 
uble with high than with low water, these conditions had less 
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effect than did the engine load. The amount of water passing 
the high-pressure cylinders was so great that the drains from the 
intermediate receiver were not sufficient to remove it: for this 
reason they were increased in area. These engines have a man- 
hole through the top head of the low-pressure cylinder, closed by 
an inner and outer cover; before the receiver drains were en- 
larged, the accumulation of waterbeeame so great,on one occasion, 


to cause a sufficient quantity to enter the low-pressure evlinder 
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Fig. 98.—Resutts or Tests or BAFFLeEs. 


of engine KX to break the bolts holding the inner cover, Owing 
to failure of high-pressure steam valves to close, the reeciver pres 
sure would rise to at least 40 pounds, at which point the reli 
valve was set; this extreme pressure under the low-pressure pisto: 
Was sufficient not only to raise the shaft, fly-wheel, generator, ¢1 
but on one occasion caused one of the 4-inch bolts which hold 
down the cap of the main journal, to be pulled up a sufficie: 
amount to allow the revolving fields of the generator to strik 
One of the causes, however, for the failure of this bolt was th 
it was not properly secured to the foundation. 


High Baffle 
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13. The various troubles above outlined, were of such frequent 
eceurrence as to require these two engines to be taken out of serv 
ice quite often. There, however, were no such serious troubles as 


t 
Bement,A 


lig. 99.—HeEInE Barrie. Water LIne. 


the breaking of evlinder for example: which could be attributed to 
water, except in one instance which will be discussed later. 


Cause of Trouble. 


14. At the above stage of the case the author examined the 
matter and attributed the cause of trouble to the water baffles in 
the drums of the boilers, which will be referred to as the standard 


—— 
Bement.A. 


Fig. 100.—Herne Barrte with Low Water LIne. 


form, because it is a standard detail of construction with these 
boilers. 


15. Fig. 94 illustrates the front end of the steam drums of a 
boiler; as will be observed, the baffle is set at an angle for the pur- 


pose of preventing the column of water from the front water leg, 
21 


| 
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rising directly to the steam outlet. The dotted arrow showing the 
supposed path of the rising water and the full arrow the path 
the author considered a portion of the water would take. In 


oN 
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Iria. 101.—Mippie Form or Barrie. 


other words, if the flow of steam was rapid enough it would cause 
some water to be projected to the end of the baffle, from which 
point it would be earried into the space above, by the high 
velocity through the contracted passage above the top end of the 
baffle. As a remedy it was proposed to replace the baffles with 
that shown in Fig. 95 which is designated as the middle form. It 
will be observed that it is located at the center of the drum, 
and affords equal volume of space above and below, and provides 
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Fic. 102.—Hicu Barrie Hicgnu Water. 


a large area or passage above, and insures a lower velocity of eseap 
ing steam. Two other styles of baffles are shown in Fig. 95 whic! 
will be mentioned later. The three styles being presented in one 
figure for simplicity. 


—_$_—$_ 


DISCHARGE OF WATER WITH STEAM FROM WATER-TUBE BOILERS. -¢ 


First Attempted Remedy, Small Separators. 


16. Instead of the proposed baffles being adopted, separators 
shown by Fig. 96 were plaeed in the steam pipes to these two 
engines, that for engine LZ being 7.5 feet in length and 23 inches 


at 
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inside measurement, with 12-inch steam openings. The pathof steam 
through these devices is shown by arrows, there being a per- 
forated copper lining as shown. A perforated partition located 
above the bottom; also two gutters surrounding the central out- 
going passage, provided for drainage by a down pipe as shown. 
The apparent idea of these separators being that the water would 
flow down the surfaces of the inlet portion of the device and be 


\ at 


Am. Bk. Note Co..N.¥. 
Fig. 104.—Hieu BAFFLE WITH NorMAL WATER I.INE. 


caught by the perforated lining and gutters, and reach the bottom 
chamber from which it would be removed. 

17. When these separators were first put in service, the force of 
the flowing steam and water tore out the copper linings, which 
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were about 0.12 inch thick, and they were carried through the 
high-pressure cylinder into the intermediate receiver, some por- 
tions passing through the tubes of the superheater and landing at 
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the low pressure end. One piece too large to get through became 
wedged under the throttle valve of one of the engines, and to stop 
it required that the steam be shut off in the boiler room. Another 
piece got between the piston and cylinder wall, where it re- 
mained till worn away. Steel linings were then inserted, but there 
was no evidence that these separators removed any of the water 
which entered with the steam; their presence, however, added 
to the steam storage space, and for this reason reduced by a small 
amount the water leaving the boilers for reasons that will be ex- 


Fig. 106.—HicH Barr_Le witHout DEFLECTORS. 


plained later. Each separator had a Bundy steam trap located in 
the basement below the engine room, for the purpose of removing 
the water which it was expected would be collected, but it appeared 
that all of the water discharged by these traps could be accounted 
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for by condensation in the lower part of the separator, in the drain 
pipe and trap. Sometime before these devices were installed, the 
water line in the boilers was reduced to about one inch in the 
bottom of the gauge glasses, at which point it was maintained. 
This together with the increased volume of steam storage space, 
owing to the addition of the separators, resulted in the trouble 
from water in the engines being reduced by a noticeable amount, 
but enough to be of slight benefit only. 


Experimental Investigations with Special Boiler. 


18. While the problem was at this stage the author began a 
series of experiments, the results of which follow: During their 
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Fig. 107.—ANGLE OF DEFLECTION, DirFERENT WaTER BAFFLEs. 


progress, however, it was decided to equip these two engines with 
still larger separators, which has now been done. 

19. That the action of different water baffles could be thor- 
oughly studied, a small working model of the boilers was made, 
and fitted with a glass steam drum so that the entire performance 
was visible. The heads of the drums were removable; to the 
front one different forms of baffles were attached for test. 

20. The boiler was heated by one blast flame in the tests which 
gave an evaporation at the rate of 2.23 pounds of water per square 
foot per hour, and by two blast flames in those with an evaporation 
at the rate of 3.95 pounds. The air pressure for these flames 
was supplied by a fan direct connected to a small electric motor, 
which ran at uniform speed. The gas supply was constant for 
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every experiment. Steam and water was discharged from the 
hoiler by a pipe which entered a glass bottle of about the same 
cubic capacity as the boiler, passing through a rubber stopper, the 
steam escaping to the atmosphere by another pipe in the stopper, 
and the water remaining in the bottle which acted as a separator. 
The feeding arrangement consisted of an adjustable reservoir, 
provided with a wide overflow, into which warm water continually 
ran, the surplus escaping. This reservoir was connected with the 
front water leg of the boiler by a rubber tube attached to a pipe 
provided with a feed cock. A glass water gauge was provided at 
both front and rear of boiler. 

21. The experiments consisted in tests of different battles, at 
two rates of evaporation. Also four different heights of water line, 
which were determined by the front gauge glass, according to 
certain heights on the front head of the steam drum. These water 
lines shown in Figs. 97 and 98 were those at the beginning of the 
steaming period. In filling the boiler for each test the reservoir 
was adjusted to the required height, the feed cock opened until the 
water in it and the boiler was at the same level; this adjustment of 
the reservoir was maintained for each water line till all battles were 
tested. The initial adjustment of the reservoir was so governed 
that the water line at rest would produce the desired height when 
steaming began. 

22. The transparent glass bottle used as a separator was not 
protected against radiation, for this reason some of the entering 
steam was condensed; to determine the amount of such condensa- 
tion the boiler was operated for a known period under dry steam- 
ing condition; the water in the separator was then measured in cubic 
centimetres, and divided by the number of minutes of the test. 
Thus a constant was established for all tests. 

23. The performance consisted in the evaporation, or evapora- 
tion and discharge of a measured quantity of water, and were not 
continuous tests at constant water line of regular interval in dura- 
tion. In each the process was continued till the water line fell to 
a point equal to two-fifths of the height of the front leg, meas- 
ured from the bottom of the leg after the fire was shut off. 
Thus during steaming at the end of the tests the water line was 
below the upper tubes at the front, but above them in the rear. 
Measurements of the various quantities above this final water 


line for the various initial water lines having previously been 
ade, the different quantities for each test was known. 
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Fig. 109.—ELEVATION SHOWING DIFFERENT STEAM CONNECTIONS TO ENGINES 
K anv L. 
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24. In making the tests the initial water line was secured, 
the feed cock closed and fire applied. At the moment steaming 


Fie. 110.—PLAN SHOWING DIFFERENT STEAM CONNECTIONS TO ENGINES 
K anv L, 


began time was taken, when the end of the experiment was shown 
by the height of the water in the front gauge time was taken and 
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fire shut off. The radiation constant multiplied by the dura- 
tion of the tests in minutes, gave the total condensation, which 
substracted from the water in the separator gave the total water 
carried out with the steam; this referred to the original quantity 
gave the percentage of moisture in the steam made. The average 
duration of a test was from 30 seconds to 10 minutes, depend- 
ing on the baffle and height of initial water line. Altogether 167 
regular and a large number of preliminary tests of similar char- 
acter were made, the results given are based on 93 experiments. 

25. The steam pressure with the tests at low rate of evaporation 
was equal to a water column six inches high, those at higher 
capacity gave a pressure equal to 10 inches of water; these pres- 
sures were due to the resistance of the steam passages which 
terminated to the atmosphere. ‘The tests were, therefore, made 
at practically atmospheric pressure, for this reason the size of the 
steam bubbles were very large, which caused violent ebullition, 
much more than would be the ease with higher pressure. This 
condition served to develop the relative values of the devices over 
a very large range, as the ejection of water with the standard form, 
at the high rate of evaporation was carried very nearly to the 
maximum, 


Results with Experimental Boiler. 


26. Fig. 97 is a diagram of results of performance of the stand 
ard baffle which is illustrated in Fig. 94, and of the high form pro 
vided with deflectors shown in connection with others in Fig. {5 
It will be observed that with the high baffle moisture is not carried 
out till the water line is above the middle of the front head: 
above this point it increases rapidly. At low rate of evaporatio: 
moisture increases with the standard baffle with increased heig)i' 
of water line, but at high rate of evaporation it remains prac 
tically constant, showing that if conditions are severe enoug!: 
nearly all of the water will be ejected regardless of the heig!i' 
of water line. It is, of course, not to be inferred because t!) 
standard baffle allowed the escape of 95 per cent.of the water wit! 
the model that the large boilers do so. It means, however, under 
conditions that this device would produce 95 per cent. moisture, 
the high form of baffle with deflectors would make dry steam, an 
that this improvement in service would possess enormous margi! 
over any dry steaming requirements. 

27. Diagram Fig. 98 gives comparative performance of t! 
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three styles of baffles illustrated in Fig. 95. It will be observed 
that when the water line was below them, that dry steam was pro- 
duced; but when it was above, each allowed of the eseape of water, 
and that this amount was largest with those having the smallest 
space above owing to the consequent higher velocity of escaping 
steam. 

28. The actual performance of the principal baffles, as viewed 
through the glass walls of the steam drum of the model boiler is 
shown in Figs. 99 and 106, which are vertical half sections of the 
drums of the large boilers with different baffles shown therein. 

Fig. 99 is the performance of the standard battle with high 
water line, and Fig. 100 with low water. The first thing to occur 
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111.—ENnp or Barr_e PLaTes Droppinc Down. 


when formation of steam began was the projection of a quantity 
of water up the under surface of the bate to its end; from this 
point a portion fell back into the drum, the remainder was carried 
over the baftie and filled the space above; when this space had be- 
come filled, water began to leave with the steam, continuing to do 
-o as shown by Fig. 100 as long as the heat was supplied. The 


front gauge glass with such conditon would indieate a water level 
lower than the bottom of the drum, yet the cireulation would rise 
as shown. The water would pile up in the back of the drum when 
there was a large quantity in the boiler, but when reduced to a 
small amount, would flow in a thin stream along the bottom. 

2. Fig. 101 serves to show the tendeney of the action of the 
middle form of baffle with the surface of the water at the level of 
its end, about one-half of the spray would be carried onto it, but 
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owing to the low velocity of the outgoing steam above, would thow 
back instead of being earried out. 

30. Figs. 102 to 105 show the performance of the high battle 
provided with two deflectors. This excellent device was the out- 
come of experiments with the middle form. Without the detlee- 
tors as shown in Fig. 106, it was more efficient than the middle 
form, but like it, the flowing water passed the end where it rose in 
a spray; for this reason the author added the detleetors, for which 
there was ample room on account of its height, with the result that 
the water was projected downward. 

31. Fig. 107 illustrates the angles of detlection of the different 
batHes. .{ represents that of the standard, / the middle, and ( the 
angle of the deflectors of the high baffle. It will be observed that 
the difference in angle between B, a very efficient device, and A 
an extremely ineflicient one, is slight, but that the area above 
their ends is very different. Also that the effect of the deflectors 
is to project the water in a direction away from the steam outlet. 

32. It was shown in the experiments with the model boiler, 
that the water rose from the front leg with sutticient force to pro- 
ject it to the top of the standard baffle, and it was desirable to 
ascertain to what height it would rise if no obstacle intervened. 
Steam was removed by a pipe extending back in the drum about 
one-third of the distance from the front end, a glass standpipe was 
mounted above the regular steam outlet, its upper end being in 
communication with the steam space in the boiler, so that pres- 
sure would equalize above the column of water therein. The 
baffles were removed so that the rising water from the leg could 
reach the opening to the standpipe. Fire was applied, and at the 
moderate rate of evaporation, water rose in a solid column in the 
standpipe to a height equal to that of the water leg, and at high 
rate of evaporation to a height nearly twice as great. 


Lifects of Drafts of Steam on Priming. 


33. With an engine cutting off steam for example, at one 
quarter stroke, it will, during the interval that the valve is open, 
take steam at a rate four times faster than it is being generated; 
such steam is in storage in the piping and boiler drums, and with 
each valve opening the steam pressure will be reduced, with the 
result that the rate of evaporation in the boilers will be increased 
for the interval of drop, in proportion to the amount of drop in 
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pressure occurring in the boilers. The steam pressure employed in 
the plant in question is 175 pounds above atmosphere, at this 
temperature a drop of one pound pressure will liberate approx- 
imately 0.5 of a heat unit for each pound of water in the boilers, 
therefore a small fraction of one pound drop in pressure, if oceur- 
ring in sufficiently short interval would increase the rate of evapo- 
ration to an amount enormously greater than the average, and to 
this is due the trouble from water in engines K and L, as com- 
pared with others in the plant. 

34. If steam storage capacity is compared with demand made 
upon it, useful facts are presented. Referring to Fig. 03, engines 
A, B and C and boilers Nos. 2, 4, 6 and 8 are designated group 
No. 1. Engines D and F and boilers Nos. 10 and 12 compose 
group No. 2; group No. 3, includes engines K and LZ and boilers 
Nos. 14, 16, 18, 20, 22 and 24. In calculating steam storage 
volume for these three groups, the cubic contents of the main 
steam header and engine connections are taken. It is, of course, 
true that steam is in storage in much other piping, but it cannot 
respond to the sudden demand to any large extent, because of the 
brief interval of time. Forthis reasondrop in steam pressure oceurs 
particularly in the boilers composing these groups, owing to their 
respective engines drawing more directly from them. A large 
amount of storage space exists in the boiler drums, of course, but 
this is relatively equal in each group. 


TABLE A. 


STEAM STORAGE Space WitH KirLowatr CAPACcITy. 


| 


Kilowatts 

Cubic per cubic 
feet of foot of 
storage. storage 


Engines and Boilers—Group Number. 


op 1ings in 
given interval. 
made on steam 
storage espace. 

standard. 


Relative num- 
Relative demand 
Group No. I the 


‘ 


3—Large separators..............- 7750 


35. Table A shows the relations of the groups in reference 
to kilowatt output per cubic foot of storage space. The relation 
in group No. 3 is given as the engines were originally installed 


watts, 
1.46 76 23.11 2.49 
1.00 183 42.35 7.92 
3—Small separators........... ...| 7750 1.00 223 34.75 6.50 
1.00 647 11.96 2.23 
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without separators, also with the small separators, and with still 
larger ones now in use. Engines A and B run at 150 revolutions 
per minute, C at 90 and D and F at 110 revolutions, while engines 
K and LE make 75 revolutions per minute. Therefore these larger 
engines which make less number of revolutions in a given time, 
must take proportionately more steam at each valve opening, for 
this reason draw harder on the stored supply of steam, with the 
result that drop in pressure in the boilers of group No. 3 is in 
proportion, The figures in the last column of the table are pre- 


pared in accordance with this fact. 

36. Calorimetric tests for moisture in steam from boilers of 
group No. 3, and measurements for drop in pressure at engine 
K ; in steam header of group No. 3, also in steam header of group 
No. 1, were made during the time that the small separators on 
engine K and I, were in service. The results of these experiments 
will follow: But attention will be first directed to Figs. 108, 109 
and 110 showing the steam header serving these two large engines, 


With its various connections; also a plan and elevation of the three 


different conditions of the steam connections to them, showing the 
large separators in full outline, and the small ones and the original 
straight steam pipe in dotted outline. 


TABLE 


B. 


CHANGE IN STEAM PressuRE, DuE To ENGINES TAKING STEAM, AVERAGE 
CONDITIONS. 


Variation 


Location of measurements. 
in pressure, pressure 


Lh. Lh. 
Steam header group No. 3at A. Fig. 107.............00. 11.0 5.5 
header at engine C. of group No. 1..............26- 4.0 2.0 


37. The pressure measurements given in Table B were made 
with a Crosby steam engine indicator, using a 100-pound spring. 
Location of these measurements are shown at A and B of Fig. 10s, 
and at C of Fig. 110. The measurement in the steam header of 
group No. 1, at the outlet to engine C, corresponded in location 
to similar measurements, in the header of group No. 3. The 
change of pressure in the steam pipe at boiler No. 14, as near as 
the diagram could be measured, appeared to be one pound, which 
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could, however, be assumed to be even less. It is impossible, in 
fact, to measure the drop in pressure in the boiler drums, beeause 
here can be no drop, for the reason that the liberation of latent 
icat results in evaporation of water, and the resulting steaim i:n- 
mediately tends to restore the pressure. This action influences tlic 
pressure in the steam pipe at the boilers to a large extent, and 
likewise in much less measure affects the drop in the header. 
Therefore, there is no drop in pressure in the boilers, but there is 


increased evaporation. There would, of course, be an extrencly 


+ 
‘ 
| 


small amount of lag in the response of the evaporation in restoring 
tle steam removed, and this if anything is what could be measured 
in the steam pipe at the boiler. 

38. Upon the opening of a steam valve, pressure would drop, 
and steam flow to the evlinder at considerable velocity; at valve 
closure this flow would suddenly be arrested, resulting in the 
inertia raising the pressure in the piping, which would, of course, 
fall to normal before the valve opened again. Therefore, the 
variation in pressures given in Table B are both drop and surge, 
between which the indicator does not distinguish. For this reason 
a Bristol recording gauge was attached to the same point with the 
indicator, the change of pressure making a record on the moving 
chart. When this was obtained the gauge cock was throttled, so 
that the pressure in the gauge was constant; then the resulting 
record gave evidence of how much of the change was due to drop 
below normal and that due to surge above normal. Thus figures 
for the last column of Table B were obtained. 

39, A very interesting proof that there is a surge, was afforded 
hy experiments with the steam calorimeter, which was attached at 
(in Fig. 110. This location was as much as eight feet away from 
the point where the cylinder oil entered, yet oil was carried back 
and entered the calorimeter, resting on the water as shown in the 
glass gauge. 

40. At the opening of steam valves, pressure drops and rate of 
evaporation in the boilers increases. At valve closure the flow 
is arrested, resulting in pressure in the piping being raised above 
hormal, causing a return surge to the boilers raising the pressure 
therein and stopping evaporation entirely for a brief interval. 

41. Thus the performance in the boilers is divided into three 
periods; a very high peak of evaporation, followed by a brief 
interval of no evaporation at all, and then a longer period of 
evaporation at normal rate, the average rate being in proportion to 
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the absorption of heat by the boilers. It is these peaks of evapora- 
tion which cause the water, or most of it, to be carried over the 
standard baffles, thence out with the steam to the engines. 


Effect of Water Hlammer on Raft 


42. The foregoing discussion of the performance of the process 
of evaporation while being correct, offers no corroborative evi- 
dence. It is, therefore, in order to submit proof of the fact. If 
the engines and boilers of group No. 3 were a unit, it would be 
possible to calculate the effect of drop in pressure, and express the 


Am. BE.Note CoN 


Fig. 112.—ELEvATION, PLATE CoMPLETELY DETACHED. 


result in rate of evaporation, but this group is connected, not only 
with an equal number of boilers on the opposite side of the rooin, 
but with the other portion of the plant by means of a 9-inch 
equalizer. For this reason stored steam in these portions has an 
unknown influence on the problem. That such influence is not 
large, however, will be shown. Reference to Fig. 94 will illustrate 
the construction of the standard water baffles as furnished in 
boilers Nos. 15 to 24. As observed they are composed of six piece: 
of steel plate ;4;-inch thick, bolted to the two traverse braces, the 
baffle being made up in the width of three pieces, and in length ot 
two pieces, those in contact with the head of the drum being 
attached to it. 

43. With every one of these baffles in the drums of the boilers 
of group No. 3 failure has occurred by nuts becoming unscrewed 
and dropping off, causing the plates to become detached so that to 


\ 
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a greater or less extent every baffle has come to pieces. Examples 
of these failures are illustrated in Figs. 111 to 114. 

44. Fig. 111 is an example of the most common failure, and 
consisted in the nuts coming off and allowing the upper end of the 
plates to drop down. ‘There is no evidence that this kind of 
failure increased the moisture in the steam; it probably had an 
opposite effect, because in a measure it acted in a similar manner 
to the middle form of bate tested in the model boiler. 

to. Fig. 112 shows the back center plate completely detached, 
and resting on the bottom of the drum. Fig. 113 is a plan view, 
showing the vacaney with plate below. The location of this de- 


4 


Fig. 113.—PuLan, PLATE CoMPLETELY DETACHED. 


tached plate when the boiler was opened is that indicated, which 
was not necessarily the same when the boiler was in service. 

16. Fig. 114 illustrates a very bad failure, as it allowed water 
to rise directly above the bafile, tilling the space so that the steam 
passing over the end earried it out in large mass. This failure 
occurred in boiler No.16, and was immediately followed by a great 
rush of water to engine K’, which squirted out of the high-pressure 
evlinder head joints, raised the shaft, stretched the studs and 
destroyed the gasket under the cylinder head. The next Sunday 
when permanent repairs were attempted it was discovered that the 
cylinder was cracked in the fillet of the flange. This was the most 
serious rush of the water entering either of these engines; it pro- 
duced a tremendous upheaval which shook the building, with only 
the damage described, which serves to indicate that a large amount 
of water may pass through an engine without causing much 
damage. 


47. The baffles in other of the 18 boilers under discussion in 
99 
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this plant are secured with bolts just the same as are these six, but 
have never unscrewed and released a plate, although some of them 
have been in service a period four times as long as those of group 
No. 3. With the boilers on the opposite side of the room there 
has been no trouble of this character, although made and installed 
at the same time, and discharging to the same steam header. 
These failures can only be accounted for by the peaks of evapora- 
tion, the foree of the rising water unscrewing the nuts from the 
bolts. Reeurrence of these failures was prevented by riveting 
the end of the bolts over the nuts. 

48. Another exceptionally strong proof of the occurrence of 


Bement, As 


Fig. 114.—ExceprionaLty DANGEROUS FAILURE IN BorLer No. 16. 


these peaks of evaporation is afforded by Fig. 115, showing the old 
style of baffle in boiler No. 14, which is composed of three pieces 
of plate of full length, but not attached to the head of the drum, 
being loose as shown at A. With each opening of high pressure 
steam valves of engine K it strikes a blow against the head at A, 
but with engines AK and L out of service and the boiler at maxi- 
mum capacity there are no blows, Likewise similar baffles in boiler 
No. 12 of group No. 2, where the steam storage space is not 
large, strike a similar blow but not near so hard. But with other 
similar baffles in other portions of the plant there is no sound. 
The behavior of these baffles not only show that drop in pressure 
has a serious effect on the boilers of group No. 3, but that it 
does not extend to any great extent to those on the other side 
of the room. 
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49. If it is assumed that there was no hot water in the boilers, 
but the storage space filled with steam, then opening of a steam 
valve would cause a reduction of pressure. With the water pres- 
ent there is no actual drop in the boiler drums, but there oecurs 
what may be termed a theoretical drop, which, if being known 
makes it possible to caleulate the rate of evaporation. But for 
reasons before mentioned, this is not known. Therefore it is 
assumed that the average theoretical drop in the boilers of this 
group was 0.15 of a pound, which occurring for a period of 0.1 
of a second, corresponding to the valve opening at 75 revolutions 
per minute, at one quarter cut-off, would result in the evaporation 


— get 


Fig. 115.—O.p StyL_e Barrie. Borer No. 14. 


of 2.3292 pounds of water during this interval. At the rate of 
23.292 pounds per second, or 83,851 pounds per hour, equal to 
2.430 horse-power from one boiler. The contents of a boiler 
being 30,000 pounds of water, and the liberation of heat equal to 
0.5 British thermal unit from each pound for a drop of one 
pound pressure. At the beginning of valve opening the flow of 
steam is slow reaching maximum at closure, when the return surge 
to the boilers raises the pressure and stops evaporation entirely. 
Fig. 116 is a graphic illustration of this performance, wherein the 
peaks are reduced to a mere fraction of 0.1 of a second. 


Calorimetric Determinations. 


50. The usual method employed to determine whether a boiler 
is discharging wet steam is to test it with a calorimeter. One 
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hundred and forty-three such tests were made on boilers of group 
No. 3, the results of which are most interesting and prove the 
utter fallacy of this business as far as getting an average sample 
is concerned. It is the author’s opinion that the water in a ver- 
tical pipe will flow in contact with the walls; for this reason a 
sample taken from the center of the pipe cannot show an average 
percentage of water. For this reason the sampling pipes which 
were duplicates of each other, were perforated for their whole 
length, so that if possible the sample would be gathered uniformly 
from the center to surface of the pipe, with the idea of securing 
any water travelling along the pipe. The 0.5 inch pipes were 
each bushed with a 0.25 inch pipe, and twenty +, inch holes drilled 
through each, and the inner ends of the sampling pipes were 
plugged. A Carpenter separating calorimeter was used. 

51. It is a fact that the harder a boiler is worked the more 
water it will discharge with the steam, but the most significant 
showing of the moisture determination was the presentation of 
the results as being just the opposite. For example tests were 
made on boiler No. 22 under different conditions with the follow- 
ing results: 


Conditions Range of moisture 


per cent 
Engine L only in service, boiler at small capacity............. 11.56 to 17.72 
large 7.14 to 10.96 


52. Tests were made under all attainable conditions except tliat 
of high water, which was not advisable to attempt. Arrangements 
were made that the relative crank positions could be made the 
same, ensuring that these two engines took steam simultaneously. 
The extreme range of all samples, from all boilers, and conditions, 
was from 1.37 to 23.0 per cent. moisture. The higher determina- 
tions were from boiler No. 18 when the baffle was in the condition 
shown in Figs. 112 and 113, which will be diseussed later. Mois 
ture with everything in normal condition ranged from 1.37 to 
17.72 per cent. 

53. The probable explanation for the various samples obtained 
from boiler No. 22 for example, under the different conditions 
of operation, is a difference in velocity of steam flowing from the 
boiler. For illustration the outlet from the calorimeter does not 
exceed 3's of an inch in diameter, while the inlet at the sam- 


Engines L and K in service taking steam at the same interval, 
i 
; 
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pling pipe is many times greater. For this reason the velocity of 
flow of the steam into it is not high, therefore when steam flows 
from the boiler at high velocity the water is carried past the 
sampling pipe, but when flowing from the boiler at low velocity, 
the calorimeter gathers more water, so that when the sample 
showed 17 per cent., for example, it contained a greater percent- 


age of water than the steam leaving the boiler. Therefore, de- 
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Aim. Bk. Note Co..N.¥- 
Fic. 116.—Rate or Fvaporation One Borer, Borters or Group No. 3 
DURING ONE REVOLUTION OF FNGINeEs K AND L., 


pending on conditions, the sample either contained too much or 
too little water. 

54. During these‘ moisture determinations all of the boilers of 
this third group were equipped with the standard baffle, except 
No. 20, which was fitted with the middle form shown in Fig. 95. 
The same tests were applied to it as to No. 22, except that the 
water line was as much as 6 inches higher. The comparison 
between the baffles is— 


800 — + + 
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Range of moisture 


per cent. 
Standard baffle, boiler No, 22.......... She a 1.66 to 17.72 


55. The tests on boiler No. 20 with the middle form of baffle 
would indicate that it produced much dryer steam than the stand- 
ard, as proven by the tests in the experimental boiler. But with 
it most moisture was present in the sample at low capacity, but 
as the condition which produced 2.11 per cent. with this baffle, 
made 17.72 per cent. with the other may be taken to mean that it 
produced dryer steam, as the experimental boiler showed it should 
do. Yet this 2.11 per cent. moisture was greater than an average 
sample would have given. 

56. Another phase of the matter was shown by tests on boiler 
No. 18, when one of the baffles was in the condition shown in 
Figs. 112 and 113. Tests were made while in this condition and 
after repairs. Corresponding tests were also made at the throttle 
valve of engine A. The results were as follows: 


Condition of bate 
Boiler No. 18. Engine K. 


57. The sample at the engine was taken at point C of Fig. 110; 
the sampling pipe did not extend into the main, the sample being 
gathered from the upper surface. From these samples it is not 
to be inferred that moisture entering engine A was as low as 2.25 
per cent. But these records compared with those from boiler 
No. 22, would indicate that if there was moisture enough present, 
it would enter the calorimeter even with the flow of steam at high 
velocity. 

58. Samples from the center of the steam pipe from boiler No. 
14, taken under different conditions ranged from 1.66 to 3.04 
per cent. moisture. This and No. 16 are the ones most affected 
by the drop in pressure. 

59. Fig. 108 shows the steam header of group No. 3 serving 
engines AK and L, with its various connections; 1, 2 and 3 are drip 
chambers, the location of which has an important influence on the 
amount of water going to the engines. With engine K out of 
service and L in operation, more water goes to it than when both 
are running, but with both in operation, engine K always received 
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hic. 117.—Larce Separators. ENoines K anp L. 


more water than L. The explanation is found in the location of 
the drip chambers, No. 1 being so placed that the water from 
boilers Nos. 21 to 24 cannot reach it, neither can it flow to cham- 
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ber No. 2 in any great measure, because at valve opening the flow 
converges from both directions to the connection to the engine. 
But when both engines are in operation K induces a flow which 
removed some of the water from the vicinity of the outlet to L. 
With engine K the larger portion of the water from boilers Nos. 
17 to 20 flows to it because there is no intervening drip chamber, 
but that portion going in the direction of engine J. has an oppor- 
tunity to enter chamber No. 2. It is apparent that the location of 
these drips is faulty, that No. 1 should have been where 4 is indi- 
cated, and that there should have been one as shown at 5. 


Performance of Large Separators. 

60. The above experiments and tests were made when the small 
separators were in use. Since that time very much larger ones, 
measuring 4 feet diameter by 17 feet long, of a unique design have 
replaced them, which are shown in section by Fig. 117. The upper 
portion being divided into two parts by a hollow partition, making 
the area of the inlet side very small, while the outlet side is very 
much larger. As shown there is an opening at the top of the parti- 
tion, fitted with metal plates at an angle. It would appear that 
the operation of this device is based on the assumption that the 
water would leave the rapidly moving steam and flow directly into 
the top of the partition, from which it would pass by way of the 
2-inch pipe D to the chamber at the bottom, below the perforated 
partition HZ. For this to occur, however, would require that sepa- 
ration take place in a much smaller space than was afforded by the 
small separators, which were themselves too small, therefore it 
necessarily follows that the entering water must continue with the 
steam through the inlet passage, into the large volume of the out- 
let side, where separation would occur if reduction of velocity be 
sufficient. To determine whether separation was effected, gauge 
cocks A and B from the loeality of assumed dry steam was opened, 
with the result that the escape of water and steam alternated each 
other. But from cock C leading from the water chamber dry 
steam issued continually. It is probable that if these separators 
had been so connected that the steam enter what is now the outlet, 
the result would have been better, because if the velocity in the 
large chamber should be low enough to allow of separation it 
would be more readily attained in a downward flow. 

61. The indications to the present time are that all of the water 
entering these separators leaves again with the steam. But owing 
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to their large volume effective steam storage space is very much 
increased, and for this reason less water leaves the boilers, their 
installation being a partial remedy only. 

62. lor water to separate from moving steam requires that the 
velocity be sufficiently low for it to occur, and if the quantity of 
‘team be great, it necessitates an inconveniently large space. 
Therefore it is better to accomplish separation at the boilers, 
where in this case it could be divided up among the 24 boiler 
drums with the added advantage that the water does not require 
to be returned to them. This the high form of baffle with deflec- 
tors would accomplish in a most satisfactory manner. 


DISCUSSION, 

Mr. HT. HH. Suplee-—In regard to the matter of the behavior 
of steam separators, it is important that they should be properly 
proportioned to their work. In some investigations recently made 
in England it has been clearly shown that the effectiveness of the 
separation depends to a great extent upon the velocity of the pas- 


sage of the steam through the apparatus, and that for every sep- 


arator there is what may be called a critical velocity, above which 
tle separation is not effected. This critical velocity varies for 
separators of different designs, but it exists in all types, and 
should be taken into account in selecting a separator for any given 
service. It might be well to have this critical velocity determined 
for every size of separator and so marked on it that the piping 
and connections could be arranged accordingly. 

Mr. R. Il, Rice-—I would like to ask if any theory has been 
formed to account for the fact of the critical speed mentioned by 
Mr. Suplee. The theory on which certain separators have been 
designed is that in these separators the direction of the steam is 
suddenly changed and the water, which is heavier than the steam. 
is thrown out during this change of direction. If a critical speed 
occurs above which separation does not take place, the theory on 
which these separators have been designed is manifestly erron- 
cous. Undoubtedly at sufficiently high speeds the water con- 
tained in the steam becomes reduced to the form of very finely 
divided spray, which it would be very difficult to separate by cen- 
trifugal means. 

Mr, A, A. Cary.—<A number of years ago, when connected with 
the Root Boiler Co., my attention was directed to the delivery of 
what I considered too large a percentage of moisture in the steam 
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from the several steam outlets located at the rear of the steam 
and water drums of this boiler. 

You will probably recall the construction of the Root boiler at 
that time, in which the bank of inclined water tubes delivered 
their steam and water into the front heads of a number of steam 
and water drums 145 inches in diameter. This steam and water 
was delivered through curved pipes (or U bends). The 14-inch 
drums previous to my investigation had been placed perfectly 
level. 

From the upper and rear ends of these several 14$-inch drums 
the steam escaped into a large cross drum placed above the steam 
and water drums. 


This cross drum was supposed to contain nothing but a supply 


of steam, but with the delivery of water from the 144-inch steam 
and water drums, the cross drum acted more or less successfully 
as a separator; the water precipitated in this cross drum being 
earried off by a system of drainage pipes. 

With such undesirable conditions existing, I was led to conduct 
a series of tests on somewhat similar lines to those deseribed ly 
Mr. Bement. 

I began these experiments with glass models, which clearly 
pointed to the source of the trouble, but in such an energetic was 
that I wondered how the boiler could possibly deliver dry steam 
as I knew it actually did. 

To obtain further information, I next placed a number of gauge 
glasses along the length of the 14$-inch steam and water drum- 
as I have shown in Fig. 118, connecting these gauge glass fitting 
into the top and bottom of these drums. 

I then filled the boiler so as to bring the water level to th 
center of the drums and tied black cords around the gauge glasse 
at the true level found by the surface of the water at rest. After 
ward, when the boiler was in operation, | measured from thes 
cords to the various water levels found in each of the gaug: 
glasses and so was able to compare such levels with those obtain: 
in my glass models, which models, I found, exaggerated tli 
trouble very materially. 

When the boiler was in operation, the water line in the stea: 
and water drums ceased to be level, and from the indication of 
the water gauges I found it assumed an irregular line similar to 
that shown in the upper dotted line in Fig. 118. 
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The steam and water from the inclined tubes was delivered 
with such velocity into the front end of the steam and water 
drums that it caused the water level to be considerably elevated 
at the rear end, and with a pulsating movement it would ocea- 
sionally throw water upward and out of the steam outlet. 

This trouble L succeeded in overcoming by elevating the rear 
end of the 14$-inch drums until the water at that position with 
the boiler in operation seldom was raised above the center of the 
drum. When in this elevated position, I never found the raised 
rear end of the drum dangerously unprotected by water. 

This change did not, however, overcome all my troubles, as I 
still found water occasionally banking up at the rear end of the 
drums, and my glass model showed the cause very clearly. 

Directly beneath the top steam outlet of the drum, a water 
circulating pipe was placed, down which passed the water dis- 
charged into the steam and water drums (from the bank of in- 
clined tubes). As long as this water discharged freely down these 
“ down takes,” no trouble occurred with the improved setting, but 
I found that oceasionally a vortex action occurred in the flowing 
water, directly over the * down take,” similar to the action one 
often sees after the stopper is withdrawn from the bottom of a 
filled wash basin. 

With such swirling motion, no water is discharged down the 
center of the escape pipe, but all escaping water hugs the cirewn 
ference of the discharge opening, with the hole in its center 
materially diminishing the discharge capacity of the outlet. 

I sueceeded in remedying this trouble by inserting an open 
wire cage into the top of the down-take pipe, which cage wa- 
similar to those used in house gutters to prevent floating matter 
from being washed down and stopping the leader pipe. 

This cage effectively broke up the vortex action of the water, 
and an ample discharge followed. 

After these two changes we had no further priming trouble 
with the boiler. 

Glass models may be very useful in investigating boiler 
troubles, but my experience has taught me that they are very apt 
to magnify such troubles, especially if we are seeking the cause 
of priming and so, if priming can be prevented in the model, it 
is pretty surely eliminated in the large boiler itself when similar 
remedies are applied there, although such remedies may in actual 
practice be more elaborate than actually required. 
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Glass models used to show cireulation in boilers are often quite 


wrong in the results they are intended to exhibit, for the same 
reason that the troubles deseribed above are exageerated in such 
hollers. 

The small tubes and low pressures used in model boilers pre- 
vent the cireulation of well-mixed bodies of steam and waters; 
such as may be compared with soda water, and when considerable 
heat is applied we tind, instead of such a mixture, separated slugs 
of steam and water passing up the tubes. 

Of course the circulation of water in a water-tube boiler is due 
to the velocity head obtained hy the greater weight of the column 
of water descending along the rear of the boiler as compared with 
the lesser weight of the column of water ascending along the 
front of the boiler. 

If the ascending leg of circulating water and steam be kept 
on unbroken column of water (irrespective of the bubbles of steam 
it contains), the eireulation will be much slower than if the aseend- 
ing current be made up ef alternating slugs of steam and water. 

The former condition is the one commonly found in aetual 
boilers while the latter condition is the one found in glass models, 

Most glass models are operated under atmospheric pressure, 

hile the boiler itself may be operated under 200 pounds gauge 
ressure, in which, of course, the size of the separate steam bub- 
les are verv much smaller, 

lean hardly agree with Mr. Bement’s criticism of steam calori- 
neters, providing they are properly applied. More errors are 
‘btained in steam calorimeter work by improperly sampling the 
steam than from any other canse. 

If Mr. Bement bases his criticism upon the results obtained in 
his glass models, as compared with the results obtained at the 
boiler itself, of course a eonsiderable difference will be found, 
but as I have already pointed out, this difference is due to the 
exaggerated results obtained in the small model. 

Professor Kent.—1 have not been able at a glance at the paper 
to tell which place he recommends for placing the baffles. 

Mr. John J, Hoppes.—1 wish to sav that I attribute the trouble 
in this case and also the difficulty of taking samples for calori- 
eter determination to a faet mentioned in the paper, and that 
is the following of the water along the surface of the pipe. This 
also oceurs in boilers, separators and reservoirs. 

To illustrate this in a simple manner, I will mention a case I 
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had a few years ago in which a return tubular boiler with a very 
high water line was giving trouble. The owner stated he had the 
usual so-called dry pipe inside the boiler. 

I had a little device made and placed in the boiler, shown in 
Fig. 119. It consists of a bell-shaped nozzle extending down- 
ward and having its outer edge rolled up to form a trough as 


0 
) 


ST 


Fie. 119. 


shown. A small pipe was tapped in the bottom of the trough, 
the upper end extending above the bottom of the trough about 
14 inches, so as to retain a small amount of water, and the lower 
end of the pipe was carried down below the water line. 

The water in the trough intercepted the water flowing on the 
surface toward the steam outlet and the small pipe carried tli 
surplus to the water space below. 

This remedied the trouble, and later on in designing separators 
I followed out this same principle and found it very effective. 

The large separator shown in Fig. 117 could have been made 
effective had it been made differently in reference to the intro- 
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duction of the steam. Instead of the diaphragm being carried 
down near the shell on the inlet side, it should have been grad- 
ually carried out to the center of the shell, and a trough placed at 
the bettom with a pipe to carry off the water to prevent it spray- 
Ing off into the steam space, 

It would also be well to protect the outlet with an intercepting 
trough. 


The modified form is shown in Fig. 120. Many separators with 


siuall working parts only tend to break up the water and spray 


it off in the steam, and calorimeter tests, where the sample is 
tuken in the usual way, often show higher saturation after passing 
han before entering the separator, 

Now when vou carefully intercept the water flowing along the 
urface of the pipe and carry it to the bottom instead of spraying 
into the separator, much better results are obtained. 

Mr. Cary.—l have had some experience with water ereeping 

upwards around the shell of a boiler and causing wet steam. 

Among the first of the Root boilers built with large steam and 
ater drums we were obliged to omit the customary cross steam 
rum and, with a view of obtaining dry steam, we placed a “* dry 

pipe” longitudinally along the top of the steam and water drum. 

This “dry pipe” was about 3 inches in diameter and had a 
eries of slits cut in its top side, while its solid under side was 
resented towards the water (carried in the lower part of the 
rum), 

\ complaint concerning moisture in steam was received from 
e purchaser of this boiler and, on investigation, I could not 
ccount for this trouble by any other theory than that of water 

creeping upward along the shell, so, as an experiment, I had the 
its in this dry pipe turned downward (and looking towards the 
irface of the water) and the trouble complained of ceased. 

Mr. George M. Brill—This discussion having drifted to the 
ubject of steam separators, I am led to refer to some tests and 
xperiments made several years ago on practically all the sepa- 
itors on the market. These tests covered a range of qualities 
from dry steam to 40 per cent. of water. Of course it was found 

that the principle of separation depends upon change in direction 
of the steam, increased volume producing decreased velocity and 
centrifugal force. Each separator has an equation based upon 
the manner these principles are used and combined. In several 
cases it was found that, while the separators might separate for 
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the instant, the water was again picked up and carried along with 
the steam because ho provisions were nade to keep it away from 
the steam after separation, and it is my opinion that many of the 
separators now on the market are inefficient and ineffective in 
performing their function because litthe or no attention has been 
viven this feature. The water is taken out of the steam but not 
kept out. Some of the SCparators on the market would seem to 
indieate that their design is largely the result of the theory of 
permutations and combinations. In opinion the separator Is 
hire Important clement in steam plants than engineers and 
users appreciate, Tt frequently has an opportunity to prevent a 
bead and over-worked boiler from wreeking a good engine and 
more frequently to improve engine economies by keeping wate: 
out of the linders, 

Mr. John J. Hoppes.—1 would like to eall attention to the faet 
hat a boiler often shows a false water line, owing to the manner 
f connecting the weter column. I had a case of a separator in 
-tallation where a vast amount of water came over with the steam, 
md | found that the water connections to the water columns on the 


ertical boilers from which steam was taken was connected near 


bottom of the boilers. The water in the pipe being almost cold 
counterbalanced a much higher column in the boiler, and on blow 
ing off the water in the pipe and showing the true level, a differ 
nee of about 11 inehes was observed, so that the water in the 
oiler was Just that much too high. 

| had the same experience with several of the earlier Root 

jilers, the method of connecting the water column showing about 
inches less than in the drums. 

[ called the manufacturer’s attention to this and it was cor- 
eeted. | think over twenty cases of this kind have come under 
iv observation, 

Mr. C. B. Rearick.—In line with the question of carrving water 

ut of the boiler, I made a test in a little model in which I had 
lass heads arranged in the drum, which was of four-inch pipe, as 
inatter of fact, and there were four 3-ineh tubes, nine inches 
ug. These four tubes were connected to a header. I had six 
inch wick aleohol burners, which supplied a very high heat, 
aporating at the rate of 9 to 10 pounds of steam per square foot 
heating surface, 

One point brought out by Mr. Bement’s paper is the fact that 

-udden demand for steam on the boiler takes part of the water 


23 


| 


352. DISCHARGE OF WATER WITH STEAM FROM WATER-TUBE BOILERS. 


with it. T think that is one of the worst things to contend with in 
steam generators. “The experiment Tomade seemed to prove it 
very effeetively, and while T experimented at atmospheric pres 
sure, exageerating the ease to a considerable extent, it) showed 
What actually happened. For instance, E allowed the pressure te 
build up by plugging the steam opening. In delivering the stear 
the water was piled up at the steam outlet and thrown against the 
tepoof the drum. When the steam was wenerated with the steani 
outlet open, the steam was practically dry. By stopping up the 
steam outlet the pressure Was allowed to build up to from 5 to 10 
pounds, The plug Was then pittled and the whole mass of water 
had a tendeney to flash. This caused a very furious delivery of 
steam and water from the tubes and header which was so intense 
that water was carried out with the steam to such an extent that 
some Was carried to a ceiling S or LO feet above, which shows the 
enormous effect of the sudden demand for steam or lowering of 
the pressure suddenly, 

In the diagram on page 339 TL rather question Mr. Bement’s 
point that the generation takes place at the rate of 2,400) horse 
power with reference to the eapacity it starts with. From the 
fact that generation must continue in order to build up the pres 
sure in the steam drum, steam mains, ete., even when there is 
ne real demand for steam, it would seem to follow that this ditfer 
ence could not be so great. For instanee, we make a demand for 
steam and it is ent off; the pressure has been reduced and vou 
therefore have a reservoir of steam which must be raised in pres 
sure at the same time vou are putting heat in the water. T believ: 
there is a marked result, as Mr. Bement states, but I don’t believ: 
it is as extreme as he shows in the diagram. 

Mr. A. Bement.*—The remarks by Mr. Suplee interested mi 
very much, and his detinition of the condition at which separation 
ceases as the critical velocity puts in form some more or le: 
vague ideas whieh [T have had. 

In connection with Mr. Rice’s remarks, I suppose we may ob 
serve some of these effeets in wind storms when air at hig! 
velocity earries large amounts of dust or sand. One of the mo- 
effective means of removing dust from blast furnace gas is t 
pass it through a large chamber where the dust will drop out «© 


suspension if the velocity is sufficiently reduced. Such a sehen 
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leas been cinploved with | belie in 


case Where 


dust Wits discharged owlng to high velocity. from 

I have observed the te ndenes for the water te pile yp at the 
hack end of the dru, as Mr. Cary has shown in the ske teh. and 
wlieve it to be greater in some than with this illustration of the 
Root boiler, The vortex aetion at the down-coming pipes 1 
rear of such boilers T think may be a matter of very great im 
portanee, and am inclined te question If this may not be an es 
planation of some of the eases of burned tubes of the lower row. 

lassured Mr. Cary that Limade ne eriticisin of calorimeters, but 
did some statements about liabilits of methods of 
anid conclusions are, that if a boiler does discharge 

ater with the steam, the only way to ascertain the quantity is 

all ot the steam through it separator of such larve Capacity 

it the flow will be below its critieal velocity mentioned by Mr. 
Iplee, and to make correction for radiation. Mr. Cary. take 


and 


t, does not think that the calorimeter was properly applied, 
is brings up the question what is proper application 4 1 believe 
e orthodox method is to take the steam out of the e nter of a 
rtieal pipe, Now, this might be called a correct method or neat, 
pending pon Whether the hoiler-makers or the purchasers’ 
terests were to be served. Tf the sample is taken from the sur- 
“oof the pipe aus well as the Interior, and it shows above one or 
y per cent. moisture, are we to sav that it is from radiation, 
lif so, where are we to get enough radiation from a few feet 
overed S-inch pipe to amount to a noticeable percentage of 
ereat amount of steam flowing through the pipe? From mv 
ndpoint, the sampling was eerreet. Tt was my purpose to find 
ter, if possible, and LT was bound by no tradition as to method, 
I had much more accurate means than that afforded hy the 
rimeter, which were the engines themselves. I could not 
ke myself believe that, when the sample showed about 1.5 per 
ineisture, the actual presence of water in the engines was 
vinary; in fact, | did not try te; neither did T believe that, 
n the sample showed 17 per cent. moisture with a boiler at 
capacity and a small load on the engines, such sample gave 
correct percentage of moisture in the steam leaving such 
er. In these investigations, I did everything practicable to 
iv the trouble, but with all the evidence afforded by the en- 
es, calorimeter and model boiler [ arrived at no conclusions as 
pereentage of moisture. I knew before the experiments began 
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that it was suttcient to make trouble; in faet, it required no ex- 
periments to illustrate this. LT did not come to any conclusion 
about percentage of water discharged from the large boilers from 
evidence furnished by the model, but this boiler, with the e@lass 
drum, showed very plainly how the water did leave, and how it 
could be prevented, and the violent ebullition in this model was 
useful as illustrating the great value of the improved forni of 
Lathe which was devised, 

In answer to Professor Kent's inquiry, the best position for the 
hatHe is shown in Fig. 15, as designated High Bathe; also in Figs. 
102 to 105. 

Experiments were made with my model, similar to those men- 
tioned by Mr. Rearick. The steam outlet was provided with a 
three-way cock leading to the atmosphere; also to a drum in which 
a Vaciuin existed, When steam began to discharge to the at- 
mosphere after the blast flames were lighted, the gas was shut off, 
leaving the water at a temperature due to atmospheric pressure, 
then the coek was turned to the vacuum chamber and the water 
burst into violent ebullition for a very brief instant, until the pres- 
sure equalized. These experiments were made with different 
drops in pressure, and large and increasing amounts of water were 
carried out as the drop in pressure became greater. The experi- 
ments were very convincing and proved what we knew to be true. 

As to the correctness of my diagram illustrating the rate of 
evaporation caused by drop in pressure, Mr. Rearieck can, of 
course, ealeulate it for himself. What T have shown, however, 
illustrates the matter as T wished to present it. 
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1. The introduction of the high-speed twist drill into modern 
machine shop practice has brought with it many new problems, 
and to supply some of the data necessary for their solution the 
machine which is the subject of this paper was designed and eon- 
structed. It was taken as a thesis subject by Mr. George F. 
Read, Jr., of the class of 1904 at the Woreester Polvtechnie Insti- 
tute, and some of the preliminary work was done by him. <All 
the experiments here reported, however, were conducted by the 
authors at the Washburn Shops of the Institute. 


2. The machine is really a double dynamometer, measuring the 
twist or moment and the thrust of the drill. Two views are given 
f the machine in Fies. 121 and 122, which show the actual ar- 
rangements of the parts during the tests. It consists of a chuck 
vith trunnions mounted on roller bearings, so that it is free te rm 

Ive about its axis at the same time it is free to move in the diree- 
ion of its aXIs, being mounted ona carriage which is on rolls rest- 

von the frame of the machine. This frame was placed on the 

ble of il mulling machine so that the aNXIs Coimeide d with the cen- 

r line of the drill, which was driven by the spindle of the milling 
achine, The thrust of the drill is transmitted through the trun- 
ion of the chuck to a plunger which is titted into a lone evlinder 
ed with oil, At the end of this evlinder ix a smaller one also 


irrving a plunger. This small plunger is attached to a ball-bear 


yiston regular indicator, The drum of the indieater 
Ves proportionately to the feed that the ecard taken is Tee 


dof the thrust during the drilling of a hole. The ehuek is held 
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from turning’ hy a steel band whieh is attached ul yoke to a sec- 
cond iIndieator, and a card from this one shows the twisting MWo- 


ment at each stage of the operation. 
Both indieators were calibrated before and after the tests. 


T 


JIOMENT —~60/NCH LBS 


MATERIAL - BAASS. 
SPELLED - 260 AFM 
FEED - 0008"PER ALEV. 


Fie. 123. 


lie correct moments were obtained by hanging known weights 
ver the chuck and noting the rise and fall of the peneil point. 
ue thrust cylinder was placed in an Emery testing machine and 
nown loads applied and a corresponding record taken on the cards 
‘om these tests, curves were plotted so that readings from thi 


rds could be readily reduced to pounds. 
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4. The following cards, Figs. 125, 124, 125 and 126, are sam- 


ples of the cards taken, and show a comparison of drilling in dif- 
ferent materials as noted. In each ease the feed was 0.008 inches 


SIOMENT- OF INCH LBS 


JIA TESIIAL- “TON. 
SLLLO- 
SELO- 0.008 FTEV 


Fig. 124. 


per revolution, the number of revolutions 260 per minute, and tli 
size of the drill 2 inch, with standard angle of 59 degrees. 

5. It was decided to take up first the drilling of east iron with 
high-speed steel. Blocks of soft gray iron were obtained and tested 
in the machine itself so as to get a number for each set of ex- 
periments as near the same degree of hardness as possible. A 
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$ inch Novo steel drill was taken as a good representative of the 


new steels. 
6. The first experiments were on the effect of speed or number 


THAI US 7— LOS. 


7-140 /NCH 


MATELUAL - TOOL STEEL. 
SLLLD - 260 
FELO - 0.008 "FEL? ALY. 


Fie. 125. 


revolutions per minute, all other conditions remaining the same. 
e revolutions were varied, from 140 to 600, but no material 
Terence was shown by the eards in either thrust or twist. In 
er words, the power required to turn the drill varies directly 
th the number of revolutions, while the thrust does not increase 
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with the speed, but depends upon the feed or the advance per 
revolution. 

7. The next set of experiments was made to determine the rela- 
tion between thrust and feed, the revolutions per minute remain- 
ing constant. From the first set of experiments it was shown thiat 
the limit of speed would depend upon the endurance of the drill, 


B60 LBS 


INH LB | 


\ 


STELL. 
VSLFLD- 
0008 FLEA ALV 


Fie. 126. 


TWIST DRILL DYNAMOMETER. 


DRILL TESTS 
MADE AT 
WORCESTER POLYTECHNIC 

INSTITUTE. 


WORCESTER, MASS. 1904. 


Feed - Variable. Drill - 4" No 
Speed 420 RLPLM, 


.008 010 012 O14 O16 
FEED PER REVOLUTION-INCHES. 


Fig. 127 


id with heavy feeds 420 revolutions was not far from this limit. 


\ccordingly the second set was run at this speed, which for a 


inch drill is about 70 feet per minute for the cutting rate for the 
ter edges and for 0.020-inch feed a rate of drilling of about 8 
‘hes per minute, 

S. The range of feed was taken from 0.004 to 0.020 inches per 
olution, the drill at the coarsest feed In ing somewhere near its 
it. These feeds were all positive, a train of gears being sub 
tuted for the regular belt drive. The following table shows the 
sults: 


TABLE I 
ed:—inches per revolution 
O04 006 O10 -012 
rust:—total in pounds 
20 280 339 360 410 
ent:—total in inch pounds— 


a) 67 83 92 103 


561 
| 
di | 
| 
| 
o 
> 
40 
; 
| 
Bird | Fairfeld Nute Co. NF 
-O14 O16 .020 
460 525 620 725 
ee 115 124 132 138 
2 j 
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% Fig. 127 gives the same data for thrust and feed in the form 
of a curve and shows that the thrust increases very rapidly with 
the coarser feeds. 

10. Fig. 128 is a curve giving the relation between moment and 
feed, and shows that the moment does not inerease at the same 
rate as the thrust. This would seem to indicate that less power 


DRILL TESTS 
MADE AT 
WORCESTER POLYTECHNIC 
INSTITUTE, 


WORCESTER, MASS. 1904. 


Feed - Variable, 
Drill - Novo 
Speed- 220 R.PLM. 


0 


010 0.12 0.16 


Bird Fairfield FEED PER REVOLUTION-INCHES. 


Fis, 128. 


is required to drill a given hole in a given time by increasing 
feed per revolution than by increasing the revolutions. — be 
example, the drilling of a hole in a 1-ineh plate in 10 seconds cou! 
be done by running the drill 600 revolutions per minute and feed 
ing 0.010 inch per revolution, but would require more pow: 
than by running at 300 revolutions with a feed of 0.020 inch. 
11. The question of the proper angle of the drill was next co. 
sidered, and a set of experiments made with a constant speed an 
feed, the half-angle varying from 37 degrees to 70 degrees, 2 


180 
| 
1i0 
120 
100 
10 
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degrees less and 11 degrees more than the standard 59 degrees 
The following table shows the results: 


TABLE IL. 
Angel > 


lY. kig. 129 is a curve for the same and shows that the thrust 


would be decreased by having more of a point on the drill. With 


DRILL TESTS 
MADE AT 


WORCESTER POLYTECHNIC 


NSTITUTE. 
RCESTER, MASS. 1904 


0.00 Drill - 5" Novo. 
Speed) - PO RPM 


2, 
T 
I 


ANGLE OF DRILL-INCHES. Am. Bank Note Co.,.N.Y. 


Fie, 129. 


un angle of 37 degrees, however, the drill would not stand up on 
peated work. At 45 degrees it seems to do the work as well 
at 59 degrees and with mueh less thrust. This would suggest 
change in the standard angle for the new s'cels. The moment 
r the various angles remained practically constant, so that 
driving power does not change with the angles of the drill. 
13. Another interesting point in drilling which can be shown 


Thrust in BED 225 200 $25 375 
ror 
| wo 
| 
Feed | 
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with this machine is the effect of first removing the center of the 
hole by the use of a small drill. Ten holes were drilled in a 
bar of cast iron with small drills, ranging from No. 53 to } inch 
in diameter and then each one counterbored with a @-inch drill 
at 420 revolutions per minute and a feed of O.008 inch por 
revolution. 

Table 3 gives the thrust in each case and shows that a hole 1-10 
inch in diameter takes off about one-half the thrust for a ?-inch 
drill. 
TABLE 


Size of first hole— 


000 0595 .09385 .120) .157 1808 86.271 250 io 
Thrust for counterbore— 
340 190 180 170 155 145 130 120 ow 70 30 


14. The range of experiments is almost limitless, and to cover 
the entire tield for feed, speed, angle of drill, ete., for various 
materials and all kinds and sizes of drills will require much time 
and many tests. Some of the results so far acquired are here 1 
ported with the hope that others may add to them, or suggest lines 
for further experiments. 


DISCUSSION, 


Mr. Harrington Emerson.—Even in academie experiments 
nothing adds so much to their practical value as tables and data 
which, however approximate, can be immediately used, until 
something better is furnished, by those in practieal life who hav: 
no time either to make experiments or deduce unexpressed con 
clusions from data furnished by others. 

For the everyday man, three times the radius is generally close 
enough for the cireumference of a cirele, while 7 to 22 answer- 
for ninety-nine cases in a hundred, and 113 to 355 for all cases 
except one in ashundred thousand. For the tinal case, we nec 
the exceedingly refined instruments made by our president, Mr. 
Swasey, 

As a practical man, I regret that Prof. Bird did not tabulat: 
suitable and desirable angles, speeds and feeds, and also state whit 
initial hole le recommends in order to accelerate work, lessen wea) 
and tear on drills and economize power. 

Mr. Fred. W. Taylor.—I should like to ask Prof. Bird a que: 
tion. What does he mean by the words “ stand up,” as used b» 
him in paragraph 12? 
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Prof. Bird. | would sav in regard to this that BY degrees of 
course gives a somewhat pointed drill, and what we mean is that 
this point breaks down after drilling two or three holes. 

Mr. Fred. Taylor.—In corroboration of what Prof. Bird 
81VS, I would state several vears ago Win. Sellers & Co, adopted bo 


degrees as the best angle for drilling, having found that 45 degrees 


Was better than oo for eve rvthing jit Vers hare 


work, think every one who has CNM rimented on the subject 
has coneluded that on exceedingly hard stee] it Is necessary to use 
a blunt drill. The angle between the portion on which the chips 
lie that angle in turning and in drilling the machine generally. 

Vr S.W. Baldwin.—l1 eall attention to the fact that in looking 
at this specimen of cast iron drilling one lip of the drill is about 
l-O4th inch longer than the other and that for making experi 
ments for record those who make the experiments ought to us 
Inere care in their workmanship. It is ve I"\ clearly seen here that 
in the drilled specimen the length of the lips of the drill are not 
Hine, 

Prof. Bird.—The sample Mr. Baldwin refers to was made with 

experinental drill. We brought thre sanipl re to show 
how one lip will cut a little more than the other when the web 
of the drill is not central, 

Mr. W. J. Naup.——It seems to me that there is nething to in- 
lieate what has been gained ly the experiments niade means ot 
he 

They have stopped short of establishing what to the mechan 

i] world is all important, and that is, is there an angle that is 

onomie for all metals, and if so what is that angle 4 Also what is 

e best method of overcoming the crushing effect on the point 
t the drill, and what shape should it be to cut and not serape 4 

L have made very many tests with specially designed drills 
vering many weeks, and have nothing worth recording, for the 
ison that, as soon as IT changed the slightest condition I de- 
oved the value of my data. What should be done, and I hope 
of. Bird and Mr. Fairfield will carry along the experiments, 
to use the commercial twist drill, and those tools that the market 
selling as stock goods, and not contine the experiments to spe- 
lly designed tools and steels. 

Prof. Bird.*—All of the experiments we have here reported 
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were made with a regular 2-ineh Morse steel drill whieh was 
bought in the open market. We have attempted to show some 
thing of how the power and thrust vary with the feeds. Aetual 
values, however, are only true for drilling cast iron of the same 
degree of hardness as that used for each set of our experiments, 
Definite conclusions are not in order unless all conditions are 
known, and all conditions are not the same for any two cases. 
We do suggest, however, that high-speed steel drills should he 
more pointed than the present standard, and that whatever tends 


to decrease the thrust will lessen the power required to drive the 


drill, relieve the drill-press and add to the life of the drill. 
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INFLUENCE OF THE CONNECTING ROD UPON ENGINE 
FORCES. 


BY SANFORD A. MOSS, WEST LYNN, MaA&s6, 


(Member of the Society.) 


1. In this paper will be deduced a method for simply and yet 
exactly taking account of the influence of the weight and inertia 
of the connecting-rod upon the forces transmitted by the ordinary 
slider crank-chain, such as is used in steam and gas engines. 

2. It will be shown that if the connecting-rod be considered 
partly as a rotating part concentrated at the crank-pin, and partly 
as a reciprocating part concentrated at the cross head-pin or wrist- 
pin, the effect of its weight and inertia will be taken account of 
almost exactly. 

The method of treating the influence of the connecting-rod by 
assuming that it is partly rotating and partly reciprocating is of 
course not new. However, a rigid investigation of the matter, 
and a mathematical determination of the fractions into which the 
rod weight must be divided, is not given in any of the usual 
treatises on the subject.t In fact, statements concerning the mat- 
ter are made in many treatises, which will be shown to be in- 
correct. 


Notation. 


» 


3. All dimensions are in feet, all weights in pounds and all 
forees in pound’s-weight. 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI. of the 
Transactions. 

+ Shortly after the first draft of this paper was written an article on ‘* Der 
seschleunigungsdruck der Schubstange,” by Prof. Dr. R. Mollier, appeared in 
the Zeitschrift dea Vereines Deutscher Ingenieure, Vol. X1.VIL., No. 45, November 
7, 1903. A portion of the present subject is treated by wholly different meth- 
ods The final result which Professor Mollier reaches is identical with the state 
ment made in the first sentence of paragraph 22 of the present paper. 
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7 = distance from center to center of connecting-rod. 
y = radius of crank, or half the length of stroke. 
l/r. 


W = weight of connecting-rod. 


| 


a = distance from center of gravity of rod to wrist-pin. 


Thena + b=/. 
kX = radius of gyration of rod about axis through center of 


gravity. 

v= radius of gyration of rod about axis through wrist-pin, 
Then A? = + 

x,y, = cdordinates of center of gravity of rod, referred to en- 
gine axis, as shown in Fig, 130 

@ = constant angular velocity of crank, in radians per 
second, 

# = crank angle, measured from engine axis. Then 4 = @ f. 

m~ = connecting-rod angle, measured from engine axis. 

AV, 2", = resultants of all forces acting on the rod, in the direc 
tion of, and perpendicular to the engine axis. 

M = sum of moments about the center of gravity, of all 
forces acting on the rod. 

/? = reciprocating force (supplied by a portion of the piston 
pressure) necessary for the existing accelerations ot 
the rod, 

(7 = normal force at wrist-pin, ée., “ guide reaction,” nec- 
essary for existing accelerations. 

C = radial force at crank-pin necessary for existing acceler- 
ations. This is the force equal and opposite to 
what may be termed the “centrifugal force of the 
rod.” 

1 — 

(i- sin? cos 
n \ n V 1—(sin® @)/n?/ 
We have the usual relation / sin g» = r sin 4, whence sin 
(sin 9)/n,cos p= V1—(sin’ 


V= 


Distribution of Inertia Forces. 
4. We take as the forces acting on the rod, /’,@ and C, as shown 
in Fig. 130. These are those forces which necessarily exist in order 
that the rod may have the accelerations which result when the 
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crank rotates with constant angular velocity @ They may be 
called the “ inertia forces.” Of course there are other forces act- 
ing upon the rod due to the transmission of force from piston 
to crank-pin. These mutually balance each other and take no part 
in the acceleration, so that they need not be considered. 

5. The force P is a reciprocating force, furnished by the piston 
pressure. It is that portion of the whole piston pressure which is 
not transmitted through the rod to the crank-pin but which is ab- 
sorbed by the rod inertia. 

In other words, there is a definite pressure at the wrist-pin 


— 


Mona CONNECTING ROD DIAGRAM Am. Bk.Note Co..N.¥. 


FIG, 130, 


transmitted from the piston, whose values at each instant are 
given by the indicator-diagram, and a portion of which is inter- 
cepted by the red, due to its inertia, forming our reciprocating 
force P. The balance of the piston pressure of the indicator- 
diagram, together with the accruing guide reaction, is exactly in 
equilibrium with the tangential pressure from the crank-pin, and 
Lie aceruing radial reaction. This set of forces takes no part in 
the accelerations, and therefore, as already stated, need not be 
considered. 

The rod acceleration also demands additional guide reaction, 
and radial foree at the crank-pin, given by our forces @ and C. 
(isan inward radial force upon the rod exerted by the crank- 
pin. It is also, in the opposite aspect, a so-called “centrifugal 
’ exerted outward upon the crank-pin by the rod. 

6. The forces P, G and @ are positive when in the directions 
shown in Fig, 130. These forces are of course variable functions 
of #. At times they may happen to be essentially negative, and 
then will have directions opposite those given in Fig. 130. The 


force’ 


GI 
v 
€ 
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force P will turn out to be negative about half of the time. At 
such periods the rod inertia assists the indicated piston pressure 
in causing tangential pressure on the crank-pin, for the position 
of the mechanism shown in Fig. 130. 

Fig. 130 shows the case for 6 between 0 and 90 degrees. Our 
equations hold for all values of 4 however, from 0 to 360 degrees. 
It is to be noted that no supposition is made as to whether the 
engine is horizontal, vertical, or inclined, and the equations hold 
for any case. 


Method of Obtaining Expressions for the Inertia Forces. 


7. In order to express the forces ?, G and Cin terms of 6, we 
first find the accelerations of the center of gravity of the rod in 
the direction of, and perpendicular to the engine axis, and also 
find the angular acceleration. We then apply the usual principle 
that the center of gravity moves as if all of the forces act upon it 
parallel to their actual directions, and that the rod rotates as if 
the center of gravity were fixed and all of the forces retained 
their original lines of action. This enables us to obtain from the 
accelerations the resultant forces Y and Y in the direction of and 
perpendicular to the engine axis, and the foree moment Jf about 
the center of gravity, all in terms of 4. 

We may also express Y, ¥” and J/ by resolving the forces P, G 
und C. By substituting their previously determined values, we 
then eliminate Y, Y and Mf and express ?, @ and C directly in 
terms of # The reduction of these expressions gives our final 
solution. 


Mathematical Evolution of the Inertia Forces. 


8. We now proceed to a tedious mathematical treatment of the 
problem according to the method given above. We first obtain 
the acceleration of the center of gravity in the direction of the 
engine axis, ¢.e., 

We have evidently, from inspection of Fig. 139, 


x=r+l—rcos — bcos 


Differentiating, 


Barsin sin 
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rp. 
=rcosA+b sin p +b 4 COs P. 


dé 
Since y= this reduces to 


. 
dt = rcos 6+ b sin p +h COS P 
By differentiating sin @ = (sin 4)/n we obtain, 


dp COS A d cos 
— cos = Whence = — 
dd n 


ncos@ 
Differentiating again and transposing, 
Pop sin @ 
= tan — 
dP dé n COS 
By substituting in this expression the above value of d~/dé@ and 
noting that (n cos pm)? = n?—sin® 4, we have 
sin 4 
= (1—n’) 3" 
(72 COS PY 
Substituting this in the previously obtained value of d’2/d@ and 
reducing, we have as the final value of the acceleration of the 
center of gravity in the direction of the engine axis, 
er (5) n® (cos? 6 — sin? #) + sint 4) 


WA = rar cos 6+ 


l 


%. We next obtain the acceleration of the center of gravity 
perpendicular to the engine axis. From inspection of Fig. 130, 


(7 cos \ 


y = sin 

Differentiating and reducing, 


A 
—- = a" sin 
l 


10. Next we obtain the angular acceleration of the rod from 
the above expression for d°w/d@ giving 
» sind 
9 = (1 — 3° 
dt cos 

11. If we denote by Y and Y the resultant forces acting on 
the rod in the direction of and perpendicular to the engine axis, 
and by M the sum of all of the foree moments about the center of 
gravity, we have 


df 
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(cos? 6 — sin? + sin* 7) 
A= gos 6 + (- 
x g | l (7 Cos wy’ \ 

Wrera 
“sino 

g 
sin @ 
M=— 1) — 
gq (n Cos P) 


Next we express X, Y and V/ in terms of the forces 7?, G and 
C, giving, 

AX = P + Ccos 0 

Y= G—Csin@ 

M = Pasin — Gacos — Ch sin (p + 4). 

12. By substituting the values of ? and @ obtained from the 
two first equations in the third one and reducing we obtain 
Xu sin p— Yaeos p — VM 

/ sin (gp + 4) 

In this expression are substituted the values of VW, 2” and J in 
terms of 4, deduced above. The resulting expression is the value 
of Cin terms of 4, which we are seeking. The expression as orig- 
inally obtained is somewhat involved, but after consideradle re- 
duction assumes the comparatively simple form 

a | b 
g al/ \ 
where V isa function of @ having the value given in the notation 
above. (1) is the final expression for the exact centrifugal force 
of the connecting-rod. 

13. From the expression 2? = .Y — C cos 4, and the expression 
(1), we obtain the value for /? in terms of 4, which reduces to 
p= 

g 


a \ G =) ) ) cos 2 4 + sin! 
al/ cos + 1 (n? — sin? 


This is the final exact expression for the portion of the piston 
pressure absorbed by the rod inertia. 

14. From the expression G = Y + C sin 6 and (1) we may ob- 
tain an expression for G, the guide pressure due to the rod inertia. 
This turns out to be very small for connecting rods of the usual 
type, and is quite negligible as compared with the thrust due to 
the obliquity of the rod. That is to say the effect of the rod 
inertia on the guide pressure is insignificant. Therefore we will 
not consider @ any further. 


C= 


; 
> 
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Reduction of Expression for Centrifugal Force. 


15. The expression (1) for the outward centrifugal force of the 
rod (that is the radial pressure between rod and crank-pin due to 
the rod inertia), may be simplified by making some slight approxi- 
mations, 

In the first place it is to be remarked that the centrifugal force 
of the rod is not constant since the expression (1) contains V, a 
function of #&. We have 


1 —1/n? 
A\? cos # 


ITence the centrifugal force of the rod varies somewhat as the 
crank rotates, so that it can never be exactly compensated for by 


a fixed counterbalance placed opposite the crank. 

16. However, the variation of V is not very great. If nm has 
the average value 5, V will vary from 0.8 to 1.2 for all values of 4. 
lor average connecting rods the quantity — is about 4. 
lence the variable term in the expression (1) for C varies from 
(1 — 0.8/9) to (1 — 1.2/9), or from 0.91 to 0.87, a variation of about 
2 per cent. from the mean value. That is to say, for the average 
case taken, a counterbalance placed opposite the crank sufficient 
to balance the mean value of the centrifugal force of the rod will 
be about 2 per cent. too heavy at some crank positions and 2 per 
cent, too light at others. This variation is inappreciable and hence 
the centrifugal force of the rod can be properly balanced by a 
counterbalance placed opposite the crank. 

17. For the usual values of n the expression 1 —(s/n°4)/n* is not 
very Cifferent from unity, for all values of 6. Therefore, the only 
term which varies appreciably as @ varies, in the expression for V, 
is cos 4 in the denominator. Cos 6 has its maximum and mini- 
mum values for @= O or z, at which points 1—(s/n°4)/n? is exactly 
unity. Therefore, we have the maximum and minimum values of 

V almost exactly corresponding to the maximum and minimum 
values of cos 6. These extreme values of cos 4 are + 1 and — 1, 


1 
and then Vis 1 + —and 1— >. Hence a mean between the great- 
n 


est and least values of V is V = 1. Inserting this value in (1) 
we have 
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(8) 


which reduces * to 


This is the final expression for the average value of the centrifugal 
force of the connecting rod. The extreme values as the crank 
rotates are a few per cent. above and below this, as already shown, 

The centrifugal force of the rod is the same as the centrifugal 
force of a mass concentrated at the crank pin whose weight is the 
fraction A?//? of the total weight of the connecting rod.  Z/ence, 
if we assume that the fraction K*/P of the rod’s weight is a rotat- 
ing part concentrated at the crank pin and counterbalance it with 
the crank pin and other rotating parts, we exactly neutralize the 
average centrifugal force of the rod and eliminate its tendency to 
shake the engine hed. 

In a number of rods calculated by the writer this fraction came 
out about 4, and this may be assumed as the average value.+ 
Therefore, in default of knowledge of the exact value of A’*/? for 
a given case, one-half of the rod’s weight should be considered as 
the rotating part. It is often stated that one-third or one-fourth 
of the rod’s weight is the rotating part, but there is no proper 
basis for such statements, and the correct value is probably always 
very close to one-half. 

18. Let us consider the form (3) for the expression of the centrif- 
ugal force of the rod. It will usually be found that the term 


, . 
* _ =) is a small quantity. In the rods calculated by the 


writer, its value was in the neighborhood of 1/9. Hence the frac- 
tion of the red to be considered as rotating is somewhat less 
than the fraction a//. Now a@// is the fraction of the rod’s weight 
which is taken by the crank pin. Hence the fraction of the rod’s 
weight to be counted as a rotating part is somewhat less than the 
fraction supported by the crank pin, being about 8/9 of it in an 
average case. It is often stated that the portion of the rod to be 
counted as rotating should be exactly that portion supported by 
the crank pin, but this is not correct. 


*This reduction, although perfectly obvious, was not made by the writer 
until Professor Mollier’s paper was seen. 
+ Professor Mollier arrives at the same conclusion. 


| 


INFLUENCE OF THE CONNECTING ROD UPON ENGINE FORCES. 375 


Reduction of Expression for Reciprocating Force. 

Next let us consider the expression (2) given above for the 
reciprocating force J’. The first term =~ the coefficient 

rG~ 
al 
As we have already remarked, V is a variable quantity, varying 
from 0.8 to 1.2 in an average case, and G _ al) is a small quan- 
tity averaging about }. Ilence the above coefficient has a value 

about the same as 1 — porp which is the coefficient of the second 
term of the expression (2) for 7’, Now it may be shown that the 
fraction comprising the second term of (2) is very small compared 
with the first term, cos 6.* We will make but slight error in the 
expression for /? if we use an approximate value for the coefficient 
}/ of this small second term by taking it as the same as the above 
coeflicient of the first term. Hence a very close approximate ex- 
pression for the reciprocating force J? is 


Wrer a -(b hr) 
cos2 6 + AF 
[ cos A + z » 
L (n* — sin*® 

The second parenthesis in this expression will be recognized 
as being the variable factor in the exact expression for the force 
required to accelerate the actually reciprocating parts. (See any 
discussion of the Inertia of the Reciprocating Parts. In Uniwin's 
Machine Design, Volume II., page 117, equation 4,+ 1902 Edition. 
The first parenthesis contains the variable factor V and therefore 
tle reciprocating force required to accelerate the connecting-rod 
is not quite the same as if some fraction of the rod were a truly 
reciprocating part. However, just as in the case of the centrif- 
ual foree C, the variation of V as the crank rotates gives a vari- 
ation in the value of 2 of about 2 per cent. on either side of its 
Mean value. 


+ sin* 9 cos 24+ (sin* 4)/n® 
he fraction may be written Now 
(n* — sin*® (1 —(sin* 9)/n*)3 
1 «’ isasmall quantity, being about .04 in an average case, so that it may be 


neglected. The fraction then becomes (cos 2 4) n, whose average value is small 
compared with the average value of cos 9. 

* There is a typographical error in this equation in this edition. The sign in 
the numerator of the fraction should be + instead of — . 


¥ 
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21. In view of the great simplicity which results if we are 
able to consider a fraction of the rod weight as a truly reciprocat- 
ing part, it is permissible to neglect the variation of /? due to this 
variation of V as the crank rotates. The mean value of 2? we 
find by inserting the mean value V = 1 in (5), giving after reduc- 
tion, 

w(t roe? [ cos n® cos 2 4 + sin' | 


“Be — sin® 4)3 


This is the final closely approximate value of the reciprocating 
force required for the acceleration of the connecting-rod and sup- 
plied by a portion of the piston pressure. As stated, the actual 
value of ? is in an average case about 2 per cent. more and less 
than this value. 

22. Our final approximate expression for 7? is the same as the 
force required to accelerate a purely reciprocating part whose 
weight is W(1 — K*/P). This it will be noticed is the remainder 
of the rod weight after the portion already shown to be the rotat- 
ing part has been deducted. The reciprocating force required | 
the rod inertia is therefore the same as if the fraction of the rod 
weight given were a purely reciprocating mass, concentrated at 
the cross-head-pin or wrist-pin. We may therefore almost exact! 
take account of the inertia of the rod by including the fractiv 
(1 — A°/P) of its weight with the weight of the piston and cross 
head, and finding the inertia forces for all together. The fraction 
of the rod weight to be taken as a reciprocating part comes ou! 
about one-half in average cases. It is slightly more than }//, the 
fraction of the rod’s weight supported by the wrist-pin. 

23. The inertia of the reciprocating parts is taken account o/, 
as explained in treatises on engine design, by drawing a line o: 
the indicator diagram to represent the force required for thei: 
acceleration. The distance between this line and the line giving 
the net pressure on the piston represents the effective force trans- 
mitted to the crank-pin. 


Forces Shaking the Engine Bed. 


24. As already stated, the radial or centrifugal force at the 
crank-pin due to the inertia of the rod is completely neutralized 


by counterbalancing the fraction A’*/? of the rod’s weight con- 
idered as concentrated at the crank-pin. Of course the crank-pins 


INFLUENCE OF THE CONNECTING ROD UPON ENGINE FORCES. 377 


itself and all other rotating parts must also be exactly counter- 
balanced. 

25. If this amount of counterbalance only is provided, none 
being added for the reciprocating parts, the engine will be exactly 
in equilibrium in the direction at right angles to its axis. That is 
to say, there will be no force tending to shake the engine bed per- 
pendicular to the engine axis. It must be noted that in order to 
secure this result the fraction A’//? (which is usually about 4) of 
the rod’s weight must be counterbalanced. It is often stated that 
only the purely rotating parts should be counterbalanced in order 
to eliminate shaking forces perpendicular to the axis, but this is 
not sufficient. 

25. If the rotating parts, including the proper fraction of the 
rod, are counterbalanced only, there will be a force in the line of 
ihe engine axis tending to shake the bed, due to the inertia of the 
reciprocating parts. Additional counterbalance is therefore usu- 
ily provided to partially or wholly neutralize this shaking force 
in the direction of the axis, at the expense of introducing a new 
shaking force perpendicular to the axis. A mean is usually struck, 
and a portion only of the reciprocating parts are balanced, usually 
from 4 to 4, according to circumstances. This is, of course, in 
addition to the counterbalance for the rotating parts. There are 
then moderate forces tending to shake the engine bed, both in the 
direction of and perpendicular to the axis. The details of this 
matter are given in works on steam-engine design. 

It is to be noted in computing the weight of the reciprocating 
parts in order to counterbalance them that the fraction (1 — A’*//*) 
of the connecting rod weight (which is usually about 4) is to be 
included. The whole of the rod weight 1s often counted with the 
reciprocating parts, but this is not correct. 

26. It may be remarked that there is an unbalanced turning 
moment on the crank-shaft due to the weight of the counter- 
balance provided for the selected fraction of the reciprocating 
parts in horizontal engines, and to the weight of the unbalanced 
portion of the reciprocating parts in vertical engines. For strict 
accuracy this effect should be taken into account in making crank- 
effort diagrams, ete. It is usually so small as to be negligible, 
however, 


Effect of Connecting Rod Weight. 


27. We have hitherto considered only the inertia effect due to 
the mass of the rod, and not the direct effect of its weight. 
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Let us consider the effect of the rod weight for the case of an 
engine whose axis is inclined at an angle a to the horizontal, as 
shown in Fig. 131. It will develop that a does not appear in the 
results at all, so that the effect of rod weight is exactly the same 
for a horizontal, vertical or inclined engine. 

28. The rod weight is supported by vertically upward reactions 
at wrist-pin and crank-pin, These are found by considering the rod 


DIAGRAM OF CONNECTING ROD WEIGHT. 
Fig, 131. 


as a beam, loaded at the center of gravity and supported at the 
pins. The forces are all vertical and, hence, parallel, regardless o! 
the inclination of the rod. By taking moments about each sup- 
port successively, we arrive at values for the reactions which are 
constant regardless of the inclination of the rod, and are the same 
as if it were always horizontal. The reactions are Wa// and W/’. 

Of course, these reactions of the pins upon the rod have, as 
upposite aspects, vertically downward pressures of the rod upon 
the pins. There is, therefore, a pressure of the rod upon the crank 
pin, always vertically downward, amounting to Wa//. A 
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have already shown, this is nearly the same, in an average case, as 
the fraction of the rod weight A’*// which must be considered as 
as a rotating part in order to take account of inertia. Hence we 
take exact account of the inertia of the rod, and approximate 
account of its weight, by supposing that the fraction A?/? is cen- 
centrated at the erank-pin. 

2% The counterbalance provided for the crank-pin and other 
truly rotating parts, of course, neutralizes the effect of their weight 
in causing a turning moment on the crank-shaft. Now the addi- 
tional counterbalance provided to neutralize the centrifugal force 
of the rod balances a fraction A?/7? of the rod weight, while the 
weight of the rod on the crank-pin is the fraction a//, which is 
nearly the same. Ilence, in an average case, the weight of the 
counterbalance provided for the centrifugal force of the rod nearly 
neutralizes the effect of the weight of the rod on the erank-pin in 
tendency to cause turning moment on the crank-shaft. That is to 
say, the weight of the rotating parts, including the portion of the 
rod considered as rotating, and the weight of the counterbalances 
for them, need not be considered in making crank-effort diagrams. 
As already remarked, the weight of the counterbalance for the 
balanced fraction of the reciprocating parts gives a slight unbal- 
anced turning moment on the crank-shaft in horizontal engines. 

30. The load on the wrist-pin due to the rod weight is a con- 
stant vertically downward foree amounting to W4/l. The frac- 
tion 6/2 of the rod weight must therefore be added to the weight 
of the cross-head. As we have already shown, this is nearly the 
same, in an average case, as the fraction of the rod weight 
(1 — K*/?) which must be considered as a reciprocating part in 
order to take account of inertia. Hence we take exact account 
of the inertia of the rod and approximate account of its weight 
by supposing that the fraction (1— A’*//) is concentrated at the 
wrist-pin. In order to take exact account of the weight the frac- 
tion should be 0/2. 

31. In both horizontal and vertical engines there is a guide 
pressure due to connecting-rod thrust which is fully discussed in 
works on engine design. In horizontal engines there is an addi- 
tional guide pressure due to the weight of the cross-head plus the 
fraction of the connecting-rod referred to above. 

31. In vertical engines the total weight of the reciprocating 
parts, including the fraction of the connecting-rod above referred 
to, gives a turning moment on the crank-shaft. The action is the 
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same as if the piston pressure were increased during the down 
stroke and decreased during the up stroke. If counterbalance is 
provided for a portion of the reciprocating parts, a portion of this 
effect is neutralized. That is to say, only the weight of that frac- 
tion of the reciprocating parts not counterbalanced gives a turning 
moment on the crank-shaft in vertical engines. 


Summary of Results. 


= distance from center to center of connecting-rod. 
“of gravity of rod to wrist-pin. 
radius of gyration of rod about an axis through the 
Wrist-pin. 
A fraction of the connecting-rod weight 


is to be counted as a rotating part, concentrated at the crank-pin, 
and counterbalanced with the other rotating parts. When this is 
done there is no shaking foree on the engine bed due to the in- 
ertia effect of the rod on the crank-pin, and practically no turning 
moment on the crank-shaft due to the weight of the rod on the 
crank pin. The given fraction of the rod comes out nearly one 
half in ordinary cases, and this value may be assumed if the 
radius of gyration is not known. 

In an average case the given fraction of the rod is about eight- 
ninths of the portion of the rod whose weight is supported by the 
crank-pin, a//. 

33. The remainder of the rod weight after the fraction above 
given as a rotating part has been taken out, that is, the fraction 

/? 

is to be counted as a reciprocating part concentrated at the cross- 
head-pin or wrist-pin. When this 1s done, the usual methods o! 
computing the counterbalance and the forces required to acceler- 
ate the reciprocating parts will give correct results. The given 
fraction of the rod comes out nearly one-half in ordinary cases 
and this value may be assumed if the radius of gyration is not 
known. 

In an average case the given fraction of the rod is about one 


| 
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and one-eighth of the portion of the rod whose weight is supported 
by the wrist-pin, 4/7. 

The total cross-head weight pressing on the guides in horizontal 
engines, or the downward force due to the weight of the recipro- 
cating parts in vertical engines is to be found by including the 
fraction 6/7 of the connecting-rod weight. However, in most 
cases, it will be sufficiently accurate to include the same fraction 
of the connecting-rod as is used for the inertia effect. 


DISCUSSION, 


Mr. Cr. R. Tlenderson.—There is one portion of this paper which 


possibly I do not correctly understand. Paragraph 22 states: 

* We may, therefore, almost exactly take account of the inertia 
of the red.” 

(Ile is now referring to the reciprocating inertia.) 

* By including the fraction (1 — A’?)72) of its weight with the 
weight of the piston and crosshead, and finding the inertia forces 
for all together.” 

This would seem to indieate that only a portion (about one-half) 
of the rod is assumed as the reciprocating weight. If it be assumed 
that one-half is the revolving weight, it is perfectly proper in bal- 
ancing to allow for one-half, but the true reciprocating foree is 
due, of course, to the whole weight of the red. It is not stated 
very clearly in this as to whether that has been so considered or 
not, I merely wish to eall attention to that beeause there is no 
doubt that the whole weight of the red must be considered as the 
reciprocating weight. If part of it has been balanced for revolv- 
ing weight, then that portion should be omitted in the balancing 
for the rest of the reciprocating weights. 

Mr. S. A. Moss.*—In paragraph 22 and again in paragraph 
33, [have endeavored to state as clearly as I knew how, that about 
one-half of the rod is to be counted as a reciprocating part, and 
not the whole red. Mr. Henderson states, “there is no doubt 
that the whole weight of the rod must be considered as the recip- 
rocating weight.” This statement is totally erroneous. This 
statement is made in several text-books, without proof, and is 
regarded as correct by many engine builders. Nevertheless, it is 
incorreet, as is shown mathematically in the present paper. In 


* Author’s Closure, under the Rules. 
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other words, a great part of the present paper is devoted to a 
definite proof that the whole weight of the rod must not be con- 
sidered as a regiprocating part, since about half of the rod is as 
truly rotating as the crank pin itself. 

If the weight of the crank pin be inereased by about one-half 
of the rod-weight, and if the weight of the cross-head pin be in- 
creased by the balance of the rod-weight, and if the rod then be 
regarded as wholly without mass, the inertia of the rod will be 
correctly accounted for. It is, of course, understood that the 
correct value of the fraction to be counted as the reciprocating 
part is (1—A?//?), and that the value $ is only an approximation, 
correct for an average case, and to be used when the radius of 
gyration of the red is not known. 
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No. 1072.* 
CONDENSERS FOR STEAM TURBINES. 


BY GEORGE I. ROCKWOOD, WORCESTER, MASS. 


(Member of the Society.) 


1. Visitors to steam turbine power stations generally notice, as 
a first impression, the relative inconspicuousness of the turbine 
itself in the midst of its numerous and large condenser auxiliaries. 
This prominence of the condenser equipment is especially notice- 
able in the ease of the smaller turbine plants, where the floor space 
occupied by the condenser system far exceeds that required by the 
turbine. 

2. There appear to be three accepted designs for these con- 
denser systems: First may be mentioned the combination con- 
sisting of a surface condenser, a centrifugal hot-well pump, an air 
cooler, a single-cylinder dry vacuum pump, a centrifugal cireu- 
lating-water pump, together with their connecting and drip piping 
and valves. Second, the foregoing arrangement may be varied by 
omitting the hot-well pump and also the air cooler and dry vacuum 
pump, substituting the wet vacuum pump—preferably of the 
Kdwards type. The cost per kilowatt is about the same—$7 to 
$10—for either of these systems. The third system is like the 
first, except that an elevated jet condenser with barometric tube 
and hot-well take the place of the surface condenser and hot-well 
pump. The advantage of this third type over the surface con- 
denser systems is that it may take up less floor space, while its cost 
is but $5 to $6 per kilowatt. The dry vacuum pump used with 
barometric condensers must have a two-cylinder air-pump, and the 
exhaust steam from the turbine cannot be used again in the 
boilers. 

3. The whole cost of a condenser system, as intimated in the 


Society of Mechanical Engineers, and forming part of Volume XXVI, of the 
Transactions. 
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opening paragraph, is not, however, fully expressed in the con- 
* Presented at the New York meeting (December, 1904) of the American 7 
= 


384 CONDENSERS FOR STEAM TURBINES. 


tract with the condenser contractor. The turbine room is made a 
full third larger, and hence more expensive, by the provision of 
the necessary floor space; space, too, that is needed in the opera- 
tions of the turbines. The smaller the turbine plant is, the 
greater this part of the cost becomes relative to that of the whole 
power plant. 

4. There is, besides, a fourth type of condenser which may be 
used with steam turbines and to which it is the object of this paper 
to direct attention; namely, the injector or ejector condenser. 

5. Within the past vear the Atlantie Mills, Providence, R. L, 
have installed a 400 kilowatt Westinghouse-Parsons turbine. A 
vacuum of 28 inches to 28} inches is maintained on this turbine 
by means of the following condenser system: The exhaust steam 
is led, through twenty feet of vertical 16-inch cast iron pipe and 
three short-turn elbows, into a 16-inch Bulkley injector condenser. 
The level of the ground floor is thirty-four feet below the con- 
denser bulb, while the turbine lies on a concrete-steel floor, the 
level of which is twelve feet and six inches above the ground floor. 

6. The injection water comes 500 feet from the river to the 
power house, under a slight head—perhaps three feet—depending 
upon the state of the river. A 6-ineh belt-driven Lawrence cen- 
trifugal pump elevates the water into a vertical tank, 30 inches by 
15 feet deep. The level of the water in this tank is maintained 
by the waste pipe six feet below the water inlet nozzle on the 
condenser. From near the bottom of this vertical tank a 7-ineh 
injection pipe rises up to the condenser. 

7. A good deal of air along with the water is pumped into the 
top of the tank by the centrifugal pump, but apparently the depth 
of the tank acts efficiently as an air separator, and no air in the 
form of bubbles passes over into the condenser. At any rate, the 
vacuum shown by the mercury column is 28$ inches. The re- 
markable thing is that this is so, as nearly as the height of a mer 
cury column can be measured, whether the column be attached 
to the bulb of the condenser or to the exhaust chest of the turbine. 

8. To prove this absence of friction in the exhaust pipe a 4-incli 
pipe was connected to the elbow above the condenser, then led 
down and attached to the turbine exhaust chamber. <A brane! 
horizontal pipe leads off to a mercury column. Two valves, on: 
above and one below this horizontal pipe, enable either co: 
nection to be made at will. Starting with both valves open and 
the mercury quiescent, it was impossible to perceive any move- 
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ment of the mercury, either up or down, after shutting either 
valve. 

9. Not only is a 16-inch exhattst pipe thus proved ample and 
more than ample in size for a 400 kilowatt turbine, but the 
vacuum obtainable with this condenser is substantially the same, 
whether steam is passing through the turbine or not. The fall- 
ing of the water through the “ throat ” is the air pump, and is the 
only air pump needed. The builders provided a 20-inch exhaust 
nozzle on the turbine, but Mr. Bulkley believes that, on the con- 
trary, a 14-inch condenser would do as well as the 16-inch. 

It may be of interest to relate here a rather unusual experience, 
encountered when this 16-inch condenser was first put into service. 

10. It was convenient to have the injection pipe rise on that 
side of the 16-inch exhaust pipe farthest from the condenser. At 
the top a 45 degree bend connected to a long-radius elbow enabled 
the pipe to turn and pass the exhanst pipe, approaching the con- 
denser horizontally instead of vertically as in the usual case. 
Upon starting up the turbine only twenty-two inches of vacuum 
could be obtained. The piping was, nevertheless, proved to be 
absolutely tight. After shutting the injection valve Saturday 
afternoon with the turbine blanked off at its nozzle, and with 22 
inches vacuum on the exhaust pipe and condenser, one found 12 
inches vacuum still left on the system Monday morning before 
removing the blank flange in preparation for starting. Still, only 
22 inches was the maximum height of the mercury column while 
running. 

11. Finally, at the suggestion of Mr. Bulkley to the effect that 
in his experience he had found it necessary to have the injection 
pipe to his condensers approach the condenser vertically rather 
than horizontally for the best results (although he had no ex- 
planation satisfactory to himself why this was so), a re-arrange- 
ment of the injection piping was made, permitting this vertical 
approach. At once, upon starting up the turbine, the result was 
254 inches of vacuum, and this has been maintained without inter- 
ruption since. With the present load—about 300 kilowatts to 350 
kilowatts—the 7-inch injection valve is open only a few turns, the 
temperature of the hot-well is from 80 degrees to 90 degrees, and 
water enough can be passed through this condenser to maintain 
the vacuum in summer weather. The highest degree of vacuum 
thus far recorded, as measured in the turbine exhaust chamber, 
is 28} inches, the lowest 274 inches. The variation is caused 
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partly by changes in the barometer, but more by variable leakages 
in drip-valve seats. Perhaps also the amount of air entrained by 
the injection water varies front time to time. 

12. If water is not to be had in abundance, then the best way 
is to have two pumps, one of which returns to the condenser, water 
taken from the hot-well. In this way the highest theoretical tem- 
perature of the hot-well water may be reached. It takes 10 horse- 
power to supply water by means of the centrifugal pump in suffi- 
cient quantity to condense 400 kilowatts of steam. 

The method of sealing the spindle of the Parsons turbine 
against air leak where it passes out to its journals from the low- 
pressure chambers, namely, by pumping water with centrifugal 
pumps formed in small recesses in the shaft cover, so as to keep 
a water pressure in these recesses in excess of that of the atmos- 
phere, is a perfect success, as the experience with this condenser 
shows, although when but 22 inches could be obtained, owing to 
the fault in the injection pipe design deseribed, the efficacy of 
these air seals was very seriously doubted. 

It is interesting to note our experience that no drip pipe or drip 
pump, for removing the water of condensation or the leakage 
into the exhaust chamber from these air seals, is found to be 
necessary or desirable. 

13. It is, indeed, necessary to exclude any accumulation of 
water in the exhaust pipe for fear that it will sway back and forth 
until it flushes up on to the large low-pressure blades of the tur- 
bine. Running as they do at a very high velocity, sudden contact 
with water from the exhaust pipe will strip the last row off clean 
if such contact is permitted. Any further damage, however, to 
the other rotating blades seems to be prevented by the presence 
of the fixed row, which, by dividing up the water into small 
streams, seems to protect the moving rows from contact with solid 
water and therefore from injury. 

14. The rate of accumulation of water leaking by the small 
centrifugal air-seal pumps into the exhaust pipe may be any 
amount up to over 950 pounds an hour. If, however, there is the 
least external load on the turbine, the flow of the steam up the 
exhaust pipe has the power to sweep the exhaust chamber dry. 
The method of starting the turbine at the Atlantie Mills is to first 
turn on the injection water. Then admit steam to the turbine 
without admitting water to the air seals. After the load begins 
to come on, as shown by the ampere meter, the drip-pipe from 
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the exhaust chamber to the atmosphere, which has been open all 
night and up to this point, is now closed, the water turned on to 
the air seals, and the vacuum immediately draws down to 28 
inches. It is not found absolutely necessary to start in this way, 
as the turbine can be run hours before the water accumulates in 
quantity. The object is simply to drain the turbine up to the 
moment when the load begins to come on. 

15. If the load is a “ jumping ” one, from nothing to full load, 
there is no danger of water accumulation. It is, of course, quite 
possible to provide a drain receiver and pump which will work 
under the vacuum if it is deemed desirable to do it. There is no 
exhaust steam “* entrainer,” or water trap or seal, provided at the 
Atlantie Mills turbine. 

14. The injector condenser costs, fully installed, with centrifu- 
val circulating water pump, tank piping and valves, from $2 to 
$2.50 per kilowatt. This cost is much reduced if there is a 
natural head of water available. At the installation described the 
condenser, two elbows, one tee, 18 feet of cast-iron exhaust pipe 
and a 14-inch automatic relief valve cost, erected, $591.50. The 


room it Oceupies is practically none at all. 
17. Theoretically considered, in its relation to turbines, the in- 


jector condenser would seem to bar out all other condenser sys- 


tems in those situations where the water used in the boilers is pure 
in its natural state. Where it is absolutely essential to save the 
iter of condensation for re-use as boiler feed-water, owing to the 
csence of salt, sulphate of lime, wool grease, acid from steel 
rorks, or other hurtful pollution, then it pays to use one of the 
urfaee condenser systems. If the city water is pure and costs 
about seven cents per 1,000 gallons, water enough for a 400- 
ilowatt machine at 100 per cent. load factor would cost per fac- 
ry year of 310 days, 10 hours a day, at 1,000 gallons per hour, 
about $217. With interest at 5 per cent. and fixed charges at 8 
r cent., this sum warrants the capital expenditure of not to ex- 
‘cod $1,670. It is thus clear that it does not pay to buy the sur- 
ce condenser system simply to save the cost of paying city rates 
r boiler feed-water. 
18. Much talk has been made about the freedom of the con- 
nsed exhaust steam in turbines from cylinder oil, and the ad- 
‘antage which this purity gives to it as compared with the oily 
\haust from reciprocating engines, where the condensed steam is 
reiurned to the boilers. 
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19. It should not be forgotten that great purity of feed-water 
is not in itself a desirable thing, being only better than very impure 
water; for it pits the tubes and water-legs of steel boilers unless 
some lime is added. 

20. Where the waste injection water from a jet condenser is 
used for washing in a dye house, this freedom from oil is of great 
advantage. Such is the aversion of dyers to using exhaust steam 
to heat water on account of the supposed presence of cylinder oil, 
no matter how careful one may be to provide and operate success- 
fully oil eliminators, that this freedom of the turbine from the use 
of cylinder oil is sufficient cause to determine the purchase of tur- 
bines in place of engines for power in such places. 

21. The Atlantic Mills turbine is, so far as the writer knows, 
the only instance on record of the use of injector condensers for 
large turbines either of the Parsons or Curtis type. 


DISCUSSION, 


Mr. Jos. Morgan.—Mr. Rockwood’s paper on ‘* Condensers 
for Turbines ** contains valuabie information needed by engineers 
contemplating the use of new apparatus of this kind. The writer 
has had experience in the use of barometric condensers, and also 
has had some recent experience in the use of Parsons turbines at 
the Broad Street plant of the Citizens’ Electric Co. in this city, 
where we have tested the actual working results of a Weiss con- 
densing plant in connection with the turbines. These results 
have been furnished to Mr. Bibbins, an engineer of the West- 
inghouse Co., who examined the plant on behalf of the turbine 
builders, and is about to publish a discussion of the results in the 
January number of the periodical ** Power.”? I send you a plan 
showing the general layout of the Citizens’ Co. boilers, turbines 
and condensing plant, with their pipe connections. 

This plant has also been described in ‘* Electrical World,” 
September 8d, and last September issue of ‘* Power,’’ and wil 
include, when completed according to the plans, three 400 kilo 
watt Westinghouse-Parsons turbines, two of which are nov 
installed, all exhausting into a Weiss condenser sufficient fo 
1,200 kilowatts of turbines, with air and water pumps in tw: 
independent units, each of which is sufficient to carry for a tim 
two of the turbines with an overload of 50 per cent. Und 
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ordinary conditions of load factor, one pumping plant is more 
than ample to take care of the generating plant with its commer- 
cial load. The aim has been to amply guarantee the running of 
the electric plant by having a spare pumping plant. First cost 
Was a consideration secondary to reliability. 

In selecting this condensing plant, both the surface and Weiss 
condensers were considered, and also the cost of operation on the 
assumption that 50 pounds of water for the surface condenser 
and 380 pounds for the Weiss condenser per pound of steam were 
the relative proportions of water required for the same resulting 
vacuum, and that feed water would have to be bought at seven 
cents per 1,000 gallons in the second case. Considering the in- 
terest on first cost, the cost of running, and the cost of feed 
water, the Weiss was adopted as the cheapest. The working 
result is over 27 inches of vacuum with 12 indicated horse- 
power in the pump engine at 400 kilowatts on the generator, and 
deducting steam utilized in heating the feed water, this result is 
obtained by the expenditure for air and water pumps of about 
24 per cent. of the total steam generated. 

The condensing water is drawn from the Conemaugh River 
through a suction pipe over 700 feet long, and the static suction 
head is about 10 feet. When the condenseris working, the actual 
lift made by the pump is about 26 feet, the vacuum assisting the 
pump. The water in the river is unfit for boiler use, and the 
pure city water is run through the oil cooling coils in the tur- 
bine, and thence into the feed water heater. The use of the oil 
cooling water was an after-thought and an economy of feed 
water cost. It was not desirable to put the river water through 
the cooling pipes, as it is at times corrosive, having a consider- 
able percentage of sulphuric acid due to mine drainage. The 
exhaust steam from the pump engine is used in the feed heater, 
as is the feed pump exhaust, thus providing warm feed even when 
other auxiliaries are stopped. The air pamp is a single cylinder 
of the Weiss type arranged tandem with the steam cylinder of 
in engine driving by belt a Bibus rotary pump. The engine is 
ontrolled by a throttling governor driven by a hand adjustable 
‘riction gear so that the speed can be regulated to give the neces- 
ary fixed amount of water. 


In this arrangement the condenser unit is not dependent upon 
he electric unit for its motive power, and the positive water 
pump being driven by a steam-engine at a governed speed, in 
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case of a very sudden increase of electric load, the condenser still 
receives the same quantity of water; and the vacuum, while 
temporarily lowered, is not lost as it would be in such a condens- 
ing plant as Mr. Rockwood describes, where the water flow is 
absolutely dependent upon the vacuum. In such a jet con- 
denser, having no large condensing chamber, unless the quantity 
of water is greatly in excess of the average steam requirements, 
with any considerable increase of load, the condenser at once 
blows off, and the main engine labors along under non-condens- 
ing conditions or stops. 

Ina steam turbine unit under a jumping load, a jet condenser, 
therefore, means continual waste of water or occasional disas- 
trous loss of vacuum. An electric lighting plant is, of course, 
more easy to handle than an electric power plant, as the fluetu- 
ations of load are more gradual and can be met by the necessary 
adjustments of water supply to the condenser. On our Johns- 
town City Lighting Plants we are still able to divide the loads 
among our various generators by hand adjustments of field rheo- 
stats, but in our Cambria Steel Works power plants we have on 
a 1,200 kilowatt plant frequent fluctuations of 600 kilowatts, 
lasting a few seconds or a few minutes, to which the steam gov- 
ernors must respond, and with variations in steam consumption 
which any satisfactory condensing plant must take care of. 

| doubt the ability of such a plant as Mr. Rockwood describes 
tomeet such conditions. We have had in the Cambria Works con- 
siderable experience with such jet condensers on automatic roll- 
ing mill engines. We were annoyed by their blowing off under 
sudden loads, and also found them wasteful of water, so that they 
lave been replaced by several central condensing plants of the 
Weiss type. In some of these Weiss units we have arranged to 
take as much as 10,000 horse-power and the steam from ten large 
engines into one condenser. Owing to the extent of the piping 
systems, the large cubic capacity of the exhaust space and the 
vreat body of water always in the condensers, the load fluctua- 
tions produce relatively small and temporary effects. We have 
carried the steam in some cases through 1,500 feet of piping and 
lave noted, as Mr. Rockwood has, the very small pipe friction, 
The vapor in the pipes under vacuum is so attenuated that its 
velocity is exceedingly great. We carry the exhaust steam, for 
‘stance, from our 1,200 kilowatt electric plant through 950 feet 
24-inch pipe, and a total distance of 1,000 feet, to a central 
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plant at the blast-furnaces. This is about 50 per cent. more steam 
than we had originally intended to put through this pipe, but 
under extreme fluctuations we drop momentarily less than 2 
inches in vacuum. In another plant we carry the exhaust steam 
for a 500 horse-power rope haulage compound engine through 
1,000 feet of 14-inch pipe to a large exhaust main, and thence 500 
feet farther to the main condenser, with excellent results. 

I can testify to the very satisfactory result of the water pack- 
ing on the turbine shafts, as mentioned by Mr. Rockwood. It 
has been applied to the two turbines at the Citizens’ plant, replac- 
ing the original steam packing with more satisfactory results as 
to tightness and saving of oil. 

Mr. Francis Hodgkinson.—The vacuum obtained by Mr. Rock- 
wood with the use of an ejector condenser, without the use of a 
separate air-pump, seems very remarkable. I should think, how- 
ever, a very small air leak would seriously impair its vacuum. 
Mr. Rockwood bears witness to having a particularly tight pip- 
ing system. 

The installing of an air-pump would make this installation 
closely resemble the well-known ‘‘ Barometric Condenser,’’ and 
would seem to me to be an insurance of at least a fair vacuum 
should any of the apparatus be deranged or small air leaks de- 
velop, and would add practically nothing to the operating expense 
so long as no big air leaks exist. 

I desire, however, to call particular attention to the 16-inch 
exhaust line, 20 feet in length and having three short turn elbows 
over which no drop of pressure could be observed. The West- 
inghouse-Parsons turbine, which exhausts into this condenser, 
showed the following results in a test, when operating with 2s- 
inch vacuum, 150 pound brake horse-power, and 100 degrees 
superheat. 


Brake Total Ib. Lh. steam per 
HB. P. steam condensed. brake H. P. hour. 
588 7639.5 12.99 
419.8 5759 13.71 


When delivering 350 kilowatts (the load quoted by Mr. Rock- 
wood) the steam consumption would closely approximate 6,767 
pounds per hour, but as superheat is not being used at the presen! 
time, the consumption of steam would be within a very few pe: 
cent. of 7,520 pounds per hour. 

With this consumption, the dryness factor of the exhaust stean 
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would be 0.908, and disregarding the water, the velocity in the 
pipe is 454 feet per second. 

Supposing the exhaust pipe to be a well rounded orifice of 100 
per cent. co-efficient and assuming the steam to be starting from 
rest, there would be a difference of pressure of 0.136 inches of 
mereury when passing this quantity of steam. Of course, a well- 
rounded orifice as above is assumed to be entirely without fric- 
tion, and is a very different thing to 20 feet of pipe and three 
short elbows. I would have expected in the case of the exhaust 
pipe a back pressure of at least half an inch of mercury with the 
same quantity of steam. 

It is very easy to be deceived in reading low pressures. A 
few days ago I had oceasion to see if there existed a difference of 
pressure between two exhaust chambers of a turbine. 1 rigged 
up a manometer tube containing water, and in order to eliminate 
loops Which might fill with water, and that the connecting pipes 
would freely drain, I was careful to elevate it so that the pipes 
connected to each side would have a continuous inclination down- 
wards to the chambers whose pressure I desired to compare. I 
used }-inch pipe, the same size as that used by Mr. Rockwood. 

The observed pressures were sometimes one side and sometimes 
the other, and frequently differences of pressure were shown that 
could not possibly exist. Quickly disconnecting the pipes showed 
that one of them contained a quantity of water which had con- 
densed there, and I suppose because of capillarity and the small- 
ness of the pipe would not drain away. 

I then placed a small reservoir immediately at each side of the 
nanometer and connected both top and bottom of each reservoir 
to each respective exhaust chamber, and was then able to keep 
the connecting pipes drained, and, I believe, obtained correct 
pressure readings. 

Some time ago I had occasion to observe drops of pressure over 
an exhaust pipe during some tests with varying quantities of 
steam and vacua. The following list comprises the parts of the 
exhaust pipe described in their order. 
32-inch nozzle on the turbine. 
32-inch to 36-inch reducer, 164 inches long. 

3. Short turn 36-inch elbow. 

4. Twenty feet of 36-inch pipe. 

5. 36-inch valve (in no place is the area less than that of a 
pipe). 
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36-inch Tee piece. 

i. Twelve feet of 36-inch pipe. 

s. 36-inch Tee piece. 

. 36-inch Gate valve. 

10. Five feet of 36-inch pipe. 

A manometer connected to each end of this exhaust line gave 
the back pressure readings shown in the following table. In the 
sume table are given the calculated velocities of steam through 
the pipe. 


Vacuum at turbine | 

exhaust referred | Lb. steam per 

to 20-in. baro- hour from tests. 
meter 


Observed drops | Drops in exhaust in 

| in exhaust pipe pipe, inches of 

| in inches water. mercury 
feet per second, 


5.05 16.809 13 -12 85 
25.01 28.902 | 4} .312 146.1 
16,106 | 1% | 101.5 
28,236 4] | .3585 176.5 

15,241 1] 13 123. 

27.0 21,189 | 276 174 

27.0 27,248 | 63 496 923 
26 89 35,297 104 773 279.2 

| 


21,286 -423 256.0 
27.9 24,025 64 478 264.8 


The manometer was connected by means of j-inch pipe, and 
there may have been some errors, such as those just described, 
but this is improbable, as it will be observed all the readings are 
tairly logical and plot into reasonably smooth curves as is shown 
in the accompanying diagram. 

The exhaust line was certainly tortuous; nevertheless, it seems 
indicated that sizes of exhaust pipe required by the various tur- 
bine builders should not be materially cut down. 

Mr. Frank B. Perry.—The fact that steam turbines are theoret- 
ically capable of utilizing the lowest available expansion of steam 
lias undoubtedly caused manufacturers to advocate the type of 
condensing apparatus which will ensure and maintain the highest 

‘tainable vacuum. Condenser builders contend that a_ better 


yicuum ean be obtained through the medium of a surface con- 
cnser equipped with either a wet or dry vacuum air pump and 
‘closed hot-well system than is possible with a jet or an ejector 
ondenser, The reason for this claim, apparently, is due to the 
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resultant effect of the liberal area of cooling surface provided com- 
bined with the efficiency of the vacuum pump in removing air from 
the entire system, including that contained in the feed water. 

Since steam and water are intimately in contact with the in- 
jeetor condenser it would appear, theoretically at least, that the 
temperature and the quantity of cooling water may be varied 
within wider limits for procuring any desired vacua than is pos- 
sible with a surface condenser. Practically, however, this consid- 
eration is of very little importance. 

The introduction of the steam turbine brought the surface con- 
denser more prominently into use for stationary engineering work 
as is evidenced by the equipments of nearly all the recent power 
plant installations. This type of condenser has been used exten- 
sively in marine practice and the difficulties at first encountered 
are now well known and have been almost entirely obviated by 
the substitution of mineral oils, sparingly cireulated for internal 
evlinder lubrication, in place of the vegetable oils formerly 
utilized. 

The exhaust steam from most turbines is free from oil. This 
is advantageous to the life of boilers, as no oil can be carried over 
with the condensed steam used for feed water to form seales or 
other injurious deposits on the plates. The pitting effect that is 
apt to be caused by the action of distilled water on boilers may 
be prevented with reasonable certainty, and, therefore, is a less 
troublesome factor than oil would be if present. 

The high cost and large floor space oceupied may be regarded 
as two of the principal objections to the use of surface condensers. 
With the latter, several plans have been followed in turbine power 
plants to obtain the maximum kilowatt output for a minimum 
floor area, among which may be mentioned : 

1. The plan of locating the condenser between the foundation- 
of two turbine units. 

2. The method of placing condensers alternately at the front 
and back of adjacent turbine foundations. 

3. The plan of locating the condenser immediately below the 
turbine, and supporting the base of turbine independently on 
either steel or concrete structures. 

Still another method is employed which is desirable when econ 
omies in floor space and foundation volume are of first importance. 
viz., that of making the condenser serve also as the base for the 
turbine. This combination, although more expensive in som 
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respects, gives a relatively more compact arrangement than any 
of the others referred to. 

The question whether it is best to install a particular type of 
condenser in preference to any other depends wholly upon the 
existing or limiting conditions, and should be solved by the en- 
gineer after a careful study of the problem in hand. 

Contrary to the general impression, it would seem from Mr. 
Rockwood’s statements in paragraph 13 that the steam turbine 
is not absolutely proof against injury by water. It is true, how- 
ever, that nearly all writers have contined themselves to the effect 
of water carried over from the boilers, and have not given consid- 
eration to the possibility of damage from an accumulation of water 
in the exhaust chamber. Usually the condenser, when of the sur- 
face or of the jet types, occupies a position below the exhaust 
opening of the turbine so that water may drain from the latter 
by gravity, and thus eliminate the danger which might arise from 
its accumulation and contact with the rotating blades. 

Manifestly some back pressure and consequent impairment of 
vacuum would be caused by the presence of water in the exhaust 
pipe when the leakage into the latter from the air seals is at as 
high a rate as 950 pounds per hour, which is equivalent in amount 
to more than 10 per cent. of the hourly steam consumption of the 
turbine at normal full load. 

The effect of water in the exhaust pipe when the steam follows 
un upward course to the condenser has been observed as the result 
of tests on a 1,500 kilowatt turbine which was mentioned by Mr. 
ilodgkinson m his paper presented at the June meeting of the 
Society. In this particular instance the collection of water in- 
creased the back pressure from 2-inch to 1 inch of mercury, 
dependent upon the load conditions. 

The subject “ Condensers for Steam Turbines ” is a very inter- 

ting one, and it is to be hoped that the results obtained by Mr. 
ltockwood at the Atlantic Mills’ plant will lead to further investi- 
vations and more specific data on this general question. 

Mr. F. Meriam Wheeler.—During the last thirty vears I have 
liad more or less to do with exploiting different kinds of condensers, 
including the ejector type, and I must say the latter has many 
attractive qualities, as for instance, its simplicity and low first cost. 
lt also has its limitations, and also, as Mr. Rockwood truly says, 
it is often possible to have trouble on account of the liability of 
water getting into the exhaust pipe, and from thence to the steam 
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engine or steam turbine. Then it has not the flexibility of the 
air pump condenser, which latter can be easily regulated to the 
ever changing conditions of load and ejection water-temperatures. 
The contracted neck—by means of which the air pump effect is 
secured—is a fixed part of this style of svphon condenser, and 
‘cannot be readily changed. I know we have often had to alter 
such condensers by substituting larger or smaller neck castings 
in order to get the best results. With a stationary temperature 
of water, such as is obtained from wells or mountain streams, and 
when the engine load is not variable, we get the best results 
in the ejector svphon condenser. When there is an adequate 
head of water available, as frequently found where water power 
has been abandaned for steam, it is a very attractive type of 
condenser, because it costs nothing for the condensing water 
supply. 

With this type of condenser, however, they have not made the 
progress as with other forms. I took the matter up, in connee- 
tion with my business some vears ago to trv and get over some 


of the objections, and I brought out a somewhat moditied type of 


cjector condenser to the one named, but I was always longing for 
a‘ rubber-neck ”—so to speak—to replace the rigid * Vena con- 
tractor.” If we could only get that contracted orifice in the neck 
casting, so it would stretch and contract according to requirements, 
it would be quite an advantage. As I said before, in this so-called 
* Vena contractor” vou get, as it were, a continuous air pump 
effect in the neck plece, 

Many of you will remember the shape of these condensers, so 
it is not necessary to illustrate what I mean. Another thing that 
1 am a little skeptical about is the statement regarding the vacuum 
being the same at different points. My experience is to the con- 
trary, in fact | now have in mind a turbine installation across the 
river where, although the distance is only about 10 feet between 
the turbine and the condenser, there is a difference in the vacuum 
of nearly 3-10 of an inch; the exhaust pipe is quite large (30 inches 
by 16 inches, rectangular shape) for a plant of about 1,000 horse- 
power, and more liberal than in the ease of the Atlantic Mills 
turbine. I therefore doubt the correctness of the observa- 
tions, and think it bad practice to use a connection as small as 
j-inch—which I understand was the size of the pipe used for 
connecting the mereury column to the exhaust pipe and the 
condenser, 
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Regarding compactness, it isa very desirable thing to eeonomise 
floor space, which this ejector condenser accomplishes, but on the 
other hand, it is necessary to earry the exhaust pipe very high 
up, Which needs considerable length for such piping. The nearer 
you ean get vour condenser to the engine or turbine the better, 
und the tendeney nowadays is in that direction. Another thing 
| have noticed is that this condenser takes more water than 
the air pllnup type, as we tind ly the reeord of temperatures of 
the hot-well. There is nothing like having an auxiliary that 
is adjustable for the varving conditions of load, water temper- 
atures, ete, 

Mr. R. Hlenderson, | would like ask Mr. Rockwood it 
question in regard te paragraphs 16 and 17 on page 386. In Para- 
graph 17 he gives certain estimates on cost amounting to S217 a 
year which L think represents about 14 pounds of water per horse 
power per hour used in the condenser. At that rate for eondens 
ing water, the plant would evidently inelude a cooling tower, and 
I would like to know whether the cost of the cooling tower is 
included in that estimate, 

Mr. //. /1. Suplee, There are one or two points in the paper 
Which T think might be mentioned in connection with Mr. Rock- 
wood's response, In the tirst place the vacuum is given as 28 to 
inches, nothing is said about atmospheric pressure, Mr. 
Rockwood referred to that for a moment in his remarks. but con 
dered it «of comparatively effect, | heheve, As a matter 
of facet it has varied at least two inches in the course of the past 
eason, running as low as 284 and as high as HOS. so there is room 
for variation. In matters of this sort it seems to me that the 
ithospheric pressure ought always to be given if possible with 
iny statement of the condenser pressure, because the one depends 
directly on the other that it is almost impossible fo Compare the 
results, unless we know the height of the baremeter, Every sta- 
ion ought always to have a good barometer, 

In regard leo the question of the ejector condenser being better 
than the surface condenser, it is very interesting to note that Mr. 
Parsons has in his reeent work in England called upon the ejector 
condenser to help out the surface condenser, I have here, and I 

ill be glad to incorporate it in the printed diseussion an excerpt 
from a paper by Mr. Parsons. The principle is simply this—that 
n ejector is used to draw the air from the main surface eon- 
le hser, live steam being used, This jet delivers into a smaller 
26 
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uuNiliary surface condenser, the water passing through both of 
them, and the air being drawn from both of them, the main eon 
denser being separated from the smaller one by a water seal. The 
result is that the air is drawn from the main condenser anid 
delivered to the air pump with the production of a vacuum of 
from 14 to 2 inches better in the main condenser than there is in 
the air pump. The jet draws the air into the air pump and 
enables the vacuum to be improved by nearly two inches, \eainst 
this is to be charged the live steam required to deo it. Mr. Parsons 
states that the ciliciency of the surface condenser is liproved hy 


the removal of the air, because the air forms a tilm on the outside 


Main ¢ ‘onde nser 


of the condenser tubes reducing their conduetive power and very 
greatly lowering the eapacity of the surface condenser. 

As shown in the illustration (Fig. 135), the augmentor jet draws 
the air from the main condenser, delivering to an auxiliary con 
denser, the latter being about 1-20 the capacity of the main con 
denser. The jet sucks the residual air and vapor from the main 
condenser and delivers it to the air pump. The jet consumes 
about 13 per cent. of the steam used by the turbine at full load. 
and this steam, which would otherwise impair the vacuum, is con- 


densed by the auxiliary condenser. This device has been applied 


with success to the turbine steamer Manxman, and is deseribed 
very fully in a paper presented before the Institution of Electrical 
Engineers by Mr. Parsons last Mav. 

The President.—W ill you tell us what type of air pump is used 
there ? 


Main Exhaust 
| 
Angmentor 
Condenser 
| | 
\ High Vacuum De Pipe to Nozzle 
Air 
Pum 
Va Air 
Water 
WAAL. 
Fie. 1:35. 
| 
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Mr. Suplee—It is a vertieal air pump, leading from the lower 
inain and drawing the water from both condensers. LT think it is 
the Edwards type. 

Mr. George JI. Foran would like 
Mr. 


to sav first in reference to 
Suplee’s lnarks, that hardly think if the non-condensible 
Ipers were properly removed from the condenser, there would 
derease in the vacuum, 

[have understood that it was only advertised or claimed that 
e seealled Anementor would inerense the vacuum with the 
dinary of condenser, 


We have made a speeial study of turbine condensers 


ana the 
design is such that there can be 


ne air pockets of non- 
idensible vapor remaining in the condenser, and we have been 
le, for example, at St. Louis in conneetion with the General 
eetrie turbine, to maintain practically theoretical results as to 
vacuum and temperature, whieh can hardly be improved upon. 

While it he possible to the size of the 


1 


piunp by the attachment of the Auementor, TL do not see how it 
¢ increase the rate of heat transference of the conde ning sur 
face ina condenser which is properly designed for the withdrawal 

the non-condensible Vapors, as the temperatures of the eon 
densing water and vacuum would remain unel 


\lthough To have seen a number of papers and reports upon 


apparatus, have never vet seen any definite statement as te 


the amount of surface, temperature, weight of steam or other 


hecessarv to check up the actual performance, | am sure 


there are a great many of us who are interested in the matter 
Whe wonld be glad to have information as to actual results 


Ol nea, 


ith regard to Mr. Roekwood’s paper LT would like to say that, 
with all the members of the Society, Tam glad to 
‘another of Mr. Rockwood’s papers. They are always inter- 
esting, and we know that Mr. Roekwood is a keen observer and 


‘ts results just as they appear to him without favor and with- 


out regard to preeedent. LT have been asked by so many members 
to isenss this paper in some way that IT finally decided to do so, 
alt!ough T believe as a general rule it would be better in a case 
of ‘cis kind for the manufacturer of a special line of apparatus 
tior diseussion to refrain from active participation rather than 
to rin the risk of precipitating a purely technieal and possibly 
ac) 


lonlous discussion between builders of competitive apparatus, 


> 
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Which would certainly be out of place in a scientific meeting of 
this character. 

The company with which [am connected manufactures every 
tvpe of condensing apparatus referred to in the paper, and my 
remarks are as applicable to machinery of our own as any other 
of the type specitied. The manufacturer of condensing apparatus 
ix obliged to produce the tvpe of machinery demanded by the en- 
gineers and users. It so happens that there are hardly any two 
turbine units which are quite the same in all details. Each en- 
gincer has to decide which tvpe of condenser best suits lis eon- 
ditions—as a rule the surface condenser appears to have been 
preferred by both the turbine builders and engineers—for three 
principal reasons. 

Saving of teed water, 

Vacuum obtained practically in the turbine. 

Shorter pipes with no frictional loss and less chance for leakage. 

The tvpe of auxiliaries is a speeial study in each ease—as a rule 
independent units are preferable, and they should be steam: rather 
than eleetrie driven. The proper of type depends 
many other conditions—the nature of existing units in the plant 

the use of ceonomizer, heaters and oftentimes the special con 


ditions of load and service. 


Ali the condenser man is asked to do usually is to‘ sharpen |iis 


peneil.” 

I believe Mr. Roekwood’s paper Was presented with the id 
of calling attention to the use of a different type of ceondern= 
than that ordinarily used in’ turbine work—with the possi! 


benetits following a general discussion. careful discussion of 


the plant referred to is not possible, as no drawings or detinit 
data are furnished upon which to base actual comparisons. 

I do not think the ejector costs given include enough appara 
to make them a fair basis of comparison. T would like to ¢ 
attention to the statement in section two with reference to 
pumps. There are many who consider the single stage pu 
preferable, 

In an injector or ejector condenser the direetion and veloc 
of the condensing water is preserved and the velocity. incres 


by the condensing steam (as In any injector) toa velocity Su 


cient to earry away the non-condensible vapors through a suital 


throat—and its efficiency depends upon a reasonably const 


ratio of the steam and condensing water. In the so-called eleva! 


f 
| 


| 
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condenser this principle is not utilized, Steam is condensed in 
the regular Ivpe of jet condenser and, with the condensing water, 
falls inte and Passes out gravity through a S4-foot tail pipe 
against the atiiospheric pressure, carrving along some of the non 
condensible vapors, most of which, however, are removed by a 
positive displacement pulp. But in both these con 
densers as ordinarily installed, the cireulating pump discharges 
directly into the condenser, its work being reduced by the assist 
anee of the vaenum te an extent of about 25 feet in practice. In 
the Atlantic Mills Mr. Roekwood has thrown away this 25-feet 
HSSIST Ace and delivers the water to the full height of the con- 
denser, 

Ile does mot state whether this was solely to free the water of 
air as alluded to im seetion 7 or to enable the water to enter the 
condenser ata higher velocity, thus passing through the throat 

ta higher velocity and producing a more satisfactory air pump,” 
as he tersus it in section 

Whatever the purpose, the work has been much inereased, and 

would be far more economical of power to use the ordinary 
clevated comlenser with its extra vacuum pump, gaining at the 
same time in the range of etheient of the condenser, 

Based upon usual conditions the condensing water for 400 kilo- 

atts would be approximately 1.200 eal, per min. and the head at 
tlantic Mills is apparentls about 31 feet. This amounts to a 
the less than &$ horse power of actual work performed. Under 
conditions ot delivery fo oan ele vated condenser Carrs 
e 2S-ineh vacuum the head would have been about tive feet 
an actual work of less than horse power, and the aetual 
rk of the vacuum pump on this elevated condenser would be 
+ than 3 horse power, showing a net saving of approximately 


power ov arly reent. over in ye ctor condenser, 


irthermore, the vacumm pump would be fully efficient a 
chine iis the centrifugal for power drive, 


Even if the conditions assumed are not correct and the quantity 


ater gssumed incorrect, the amount of vapors will also vars 


d the differenee in work would still be proportionately large. 

note that the 6-inech pump is rated by the builder at 1,200 
al, per min. capacity and the shaft horse-power given as 0.65 per 
wot of lift. 

| have already stated mv belief as to the reasons whi Mer. Roek- 


ood has presented his paper, and | do hot understand that he 


| 
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claims the ejeetor type is superior to the elevated condenser for 
their work. It certainly is not if it beeomes necessary to inerease 
the circulating work to the extent shown. 

As a matter of fact, under certain conditions it is possible to 
operate the elevated condenser at high vacuum without the use 
ef a vacuum pump. We have had a number of sueh condensers 
operating for some time and carrving vacumms varving from 274 
to 28) inehes with the vaeuum pump idle—and quite likely con 
densers ot other makes have accomplished similar results and 
this without increzsing the head upon the cirenlating pump. 

It is true these condensers are not attached to turbines. but so 
far as 1 know no one has ever told the condensers that vet. 

Mr Wine (rane, It is hard te argue against faets, and | 
think that Mr. Rockwood 1s able to substantiate all that he has 
said. T speak from my own experience whieh has extended over 
twenty vears with this type of condenser, as well as with a mum 
her of other types, and my experience has not been sitting in an 
office and taking reports whieh have come te me from the obser 
vations of others, but it is what T bave actually seen in IV OWN 
practice, It was my practice to always put a gauge at the nozzle 
of the exhaust in the evlinder, and T have had no trouble with 
this type of condenser in maintaining with a load 28 to 284 inches 
of vacuum with a mercury gauge. Of course, when you have a 
light load the vacuum will fall off a little. It has been mentioned 
that the surface condenser was superior to produce a vacuum. 
Now it does not take but a verv small amount of air to knock down 
a whole lot of vacuum. All von have to do is to give it reom. 
Where vou have a surface condenser vou have room for this air 
to expand, but with this type of condenser under diseussion there 
is little room, and the air is down the tail pipe before it has a 
chance to do mischief. 

The remark has been made that you have te pump water into 
this condenser. Which costs the most—pumping the water where 
the vacuum is helping vou or pumping against a vacunin / 

Mr. G. 1. Rockwood.*—I will try to answer the points that have 
been raised, though T may not manage to do them all full justice 
within the brief time at my disposal. 

Dealing first with the diseussion by Mr. Hodgkinson; he savs 


he is surprised that the ejector condenser shows so high a vacuum 


* Author’s Closure under the Rules. 
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ithout the aid of a separate air-pump.  T cannot think of any 


reason Why he should be, as 1 ealled special attention, in his pres 
ence, at the Saratoga meeting, to the hieh there recorded 


hy Professor Jacobus in the test of a steam engine of about the 
same power and using the same size and type of condenser, 
Moreover, and ius also pointed oul in that discussion, there 1s 
the additional reason whi a turbine should be expected to operate 
more continuously without air leakage under a high vaeuum than 


i reciprocating engine might do, namely, the absenee in the desien 


of the trombone of anvthing’ corresponding to the piston rod and 


alve packings of the ordinary engine, The packings in 


troduce more or less of an opportunity for air-leakage to such an 
extent as to seriously affeet the steadiness of the high vaeua 
required in turbines for the best results: and therefore, it is for 
that When mechanical tightness alr-leakae 
has been secured ina turbine exhaust svstem arranged as deseribed 
he paper, all further anxiety as to maintaining original 
eli vacuum is at an end, 

5 i 


tis Wers What Mr. Llodekinson SUVs with 


regard te 


einadvisability of providing an air pump as an insurance against 


rther leakage, In a ral, ita good mechanical Jol has heen 


te in the first place, thre re will] be ne further le akage. 


It is sometimes the ease that air is het entire! excluded from 
injection water, This may oeeur where direet pumping from 
nd or river, or most likely tide-water, without the intervention 


tank, is resorted to. The vaeuum gauge will vary between 


limits under such circumstances unless the suction pipe is 
led by water its entire length, and either an air pump ora tank 
COMES a NECESSITY a tank will alwavs be the better CUTre. 
\n air pump certainly cannot be operated for nothing. In the 
place, if Vou are eoing To operate an wir pulp, vou have vot 
buvit; then von must have a place in whieh to put it; a founda 
mofo put it on; an engineer to oil, clean, repair and operate it. 
ie steam that passes through the driving evlinder may not be a 
eat quantity, but this is the least expense connected with own- 
ig an air pump—just as the expense for gasolene is the least 
nneeted with the expensive pleasure of operating an automobile. 
Mr. Hodgkinson doubts the correctness of my tests to determine 
drop in pressure between the turbine and the condenser. 1 


* See page 1283, Vol. XXIV. 
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Will reply that, exeept for one influence whieh mav have an effect 
(pron the reading of the column, think those tests were 
accurate within limits so narrow as to be of no technica! imapeort 
ance. Ttimay be that the end of the pipe serewed into the turbine 
easing was affected by a Pitot tube action which was different in 
its from the vetion Upon the end of the pipe 
Where screwed into the elbow on top of the condenser: but Tam 
contident that except for an error possibly Introdueed In that wav, 
the reading of the mereury column truly represented the pressures 
in the turbine exhaust chamber and in the elbow on the condenser, 
respectively, 

IT have lately visited several turbine power stations, partly with 
a view to observing What actual indications of their different 
vac gauges were to be seen. In one plant, provided with 
Kdwards air pumps and a magniticent surface condenser installa 
tion quite capable of attaining under favorable conditions as mueh 
as 29 inches or over, the actual fact was 27 inches. In another 
ease, Where the turbine had been in operation but a few months, 
the vaenum was 26 inches. In other words, not all the air leaks 
had as vet been discovered. In another, whieh had been running 
but a few days, the vacuum was but 22 inches. So the practical 
advantage of having comparatively so litthe chance for air leaks 
in the ejector condenser system, as compared with the large and 
ditheult joints to render tight in the first place, and afterwards, 
to keep tight, that are so numerous in the surface 
system, this practical advantage, I sav, is of considerable im 
portance, 

Mr. Joseph Morgan's valuable discussion presents numerous 
facts for consideration. lle doubts the ability ot the ejector eon 
denser to maintain the vacuum under wide variations of load, am 
advanees the theory that considerable pipe volume in the exhaust 
pipe svstem is a great aid under these cireumstances, 

Ilis experience with variable loads is greater than mine: an 


vet, see nothing more in his statement of his experience 


that he either did not get his condenser big enough to condens: 


the maximum amount of steam he actually had to provide agains! 
or else his exhaust system was not tight, and a large inerease it 
the steam and water supply meant the introduction of more. ai 
than the size of throat was adapted to remove. This would | 
very likely to be the ease with rolling mill engines, because thes 
start off with great rapidity at full stroke cut-off and temporaril) 
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discharge large amounts of steam: compared 


their discharge 
directly the work is finished, 


Mr. Mergan gives a verv good illustration of the 


opening paragraph of the paper, even in the ease of the jet eon 


denser and air-pump arrangement, in his drawings 


submitted of 
thie Johnstown, Pa.. 


turbine plant; although mv remark- 
Hire ¢ specially to the surface condenser ty pe of « ‘| 


the Weis 


nt. 
condenser of this plant wholly on the outside of 
thre turbine lp, to the extent of one half 


of its entire area, to the air and eireulation pumps and piping. 


Mr. Tlenderson to know 


whether the “cost of the 
ing tower has been ineluded in miv estimates. 


coo] 


It is not ineluded 


in anv cease, as its cost is a factor which does not atfec 


tion of the problem as to what type of equipment it is | 


Phe barometer readings asked for by Mr. Suplee were absent 


om the paper because they were not taken ; 


1! and they were tot 


taken beeanse there was not time to complete the data for this 
plant im season for presentation iit this ries ting of the society. 

\Ir. Perry vives a clear statement of the 
‘ ndenser practice, 


\Ir. Foran is in error in some of lis COMMENTS, through ho 
ult of lus OW, as there is are erettable Miusprint i 


ithe paper of 
hes for feel, 


Thus in Paragraph 6. third 


line Prony last, it 
< that the level of the water 


in the tunk is maintained 


‘hes’ below the water inlet nozzle, where it sl 


say =IX 


Phis misprint affects the accuracy o 
per 


{ Mr. Foran’s tigures twenty 


| sav, however, that thie Were eertam 


ineldent to the operation ol this turbine in having the 


k elevated as much as deseribed, 
First was the uncertainty whether the condenser would draw 
licient water, under all conditions of load and temperature, to 
intain 2S inehes vacuum if the tank were placed any lower. 
e have an answer to this now in our experi nee, and if | had it 

do in another ease T should put the tank at an elevation eight 
et lower still, to reduce the power required to lift the water 
TO 


Second 


With the tank at that particular elevation described, 


* Eprror.—This error has been corrected 
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the water supply for sealing the spindle at its exit from the tur- 


bine casing was of exactly the right pressure (about 4 pounds per 


square inch), and of invariable amount and pressure, as it could 
then be taken from the tank. 

Third: The tank, at its actual elevation, was cheaper to install 
and operate, as it stands directly on the turbine thoor and in the 
turbine room. 

if the tank were lowered eight tect below its actual level, \Ir. 
Foran’s tigures for cost of pumping injection water must be ent 
in two. But furthermore, Mr. Foran seleets too great a volume 
of cooling water as requisite for the injector type of condenser. 
I: need not be over three-quarters the volume needed in a surtac 
condenser system, because the water mingles directly with the 
steam instead of being separated from it by condenser tubes. 

The cealeulation should be, for this ease with the tank lowere: 
S feet. as follows: 

100 kilowatts 625 indieated horse Power, 

625K 13 8.125 pounds steam condensed per hour. 

S125 58 308,750 pounds water raised 20 feet per hour. 

308.750 & 20 


a. indicated horse power theoretical, or about 
X 6O 


six horse power at the belt of the centrifugal pump. 

This is about one per cent, of the indieated horse power, ane 
is a more economical performance than anything ever done by 
an air pump equipment. It may be compared with the perform 
ance of the Johnstown condenser plant referred to by Mr. Morgan 
This plant takes 12 horse power for the same load, ic., 400 kilo 
Watts as against 6 herse power in the ease of the Bulkley 
condenser. 

In further reply to Mr. Foran T may sav that, for reasons © 
economy of space, regularity in maintaining the vacuum, cheap 
great 
cCOnoOmY of operation, I do elaim that, for sfeam turbine wor! 


the ejector condenser 1s superior other type whatsoev: 


ness in first cost and, finally, because of their undoubtedly 


except, as stated in the paper, where the surface condenser mu- 
he emploved., I understand, however, that it is being experien " 
in the New York stations that electrolysis is an enemy to the tub 
of surface condensers of considerable importance, even to tly 
extent of causing the condensed steam to become brackish anc 
hence unfit for feedwater. 
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No, 1073 
DIAMOND TOOLS. 


BY GUS © HENNING, NEW 


(Member of the 


1. As nothing has vet appeared in the JV'ransactions of this 
Society relating to the above subject, and which must be of in- 
terest to engineers and Inanutacturers, the writer proposes to 


present a short deseription of diamond tools, 


2. Stecl is, of course, the one material in almost universal use 
for cutting and working stone, metal. wood and other material 


beeause of its great strength and the degree to which it ean be 
hard ned, There are some materials, hows ver, which, be cause of 
their hardness, structure or non-conduetivity of heat, cannot be 
worked economically by means of steel tools. The latter become 
worn rapidly, losing their shape and dimensions to such degree 
and extent that the work produced becomes inaccurate, eausing 
constant interruption of operation, loss of time, and the use of 
new tools or frequent regrinding or shaping of the old ones, 
This causes great expense and delay in production. 

3. The great friction produced by cutting materials in some 
cases draws the temper of steel tools, making them useless, 

4. Hard rubber, paper and hardened steel cannot be readily 
worked by use of steel tools, as is also the ease with hard stone. 
In these cases a much harder material is required, and for this 
reason diamond is used. The diamond which is used is of two 
kinds, totally different in appearance and quality. 


Black Diamond. 


5. This has a very dark purple brown color, is an amorphous, 
eranular stone with rarely any erystallization visible or traceable, 


* Presented at the New York meetine (December, 1904) of the American 
Society of Mechanical Engineers, end forming part of Volume XXVI_ of the 
Transactions. 
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and is ealled Carbon or Black Diamond. It is the hardest ma- 
terial known and has great strength. 


Bort. 


This, called Bort, is entirely crystalline, and generally trans- 
parent and of all colors of the rainbow, as well as clear and 
transparent as glass. The latter is considered of greater hardness 
than all other bort except some which is almost black. Bort is ex- 
tremely brittle and is readily fractured or * cleaved ” in the three 
directions of its cleavage planes parallel to the sides of the oteahe- 
dral erystal, in which shape it is most commonly found. The 
dodecahedral erystals are also readily cleaved in a similar manner. 

7. In spite of the very great hardness of all kinds of diamonds, 
they are readily sawn, drilled, cut and polished; carbon (black 
diamond) cannot, however, be polished, as is the ease with bort. 

8. Diamond cuts diamond, while steel saws and drills and east 
iron dises, charged with diamond dust, are used for the other 
operations. 

9. All kinds of grinding wheels, being made of extremely hard 
materials, are most readily kept free from filling or glazing and in 
perfect shape by diamond tools. 

10. In certain classes of work, where great accuracy and pre- 
cision are primary requirements, or extremely fine lines are essen- 
tial, the diamond is the only material that answers the purpose. 
Thus lithographers, engravers and seale-makers use them for 
fine work. 

11. There is another very important field of produetion 
which diamond is all but imperative to obtain satisfactory result 
at reasonable cost, viz., that of wire drawing. 

12. Formerly all small wire was drawn through holes in hard 
ened steel plates, but these wear so rapidly that the wire so 


loses its calibre and becomes unround. <As it is all-important. 
especially in electric work, that the wire be of absolutely uniform 


size, so as to maintain constant resistance and permit symmetrical 
distribution of weight about spindles and shafts, it became neccs- 
sary to use a material harder than steel, and henee diamond was 
again resorted to. This made it possible to avoid delays in r 

placing worn dies, and because of the great permanence of aceur- 
acy of the calibres of the holes in the diamonds, materially re- 
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duced the cost of producing fine wire of copper, brass, steel, iron, 
nickel, and of other metals. 
13. It is of course well known that stone is drilled and sawed 


Fig. 136, 


by the use of diamonds, these having been used in core drills, 
which, in an extreme ease, have eut solid cores of about 21 inches 
diameter. 

14. In diamond drills, stone saws and grinding wheel dressers, 


the rough diamond is used in appropriate holders, set either by 


staking, brazing, soldering, or by casting molten steel around the 
diamonds. 
15. A peculiar property of the diamond is that it can be plated 


like anv metal: this property is made use of in the galvanoplastie 
setting. The galvanoplastic setting consists in first plating the 
diamonds and then casting other molten metal around them, which 
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alloys with the deposited metal. Thus an absolutely firm and rigid 
setting is produced. 

16. Very high temperature does not affect the diamonds either 
in their hardness nor, when sound, in their solidity, and does not 
produce checks or other flaws. A temperature higher than that 
sufficient to melt steel will, however, burn the diamond, and that 
of the electric are will do so readily. 


17. The diamonds in tools used for doing accurate work are, 


Fie. 129. 


however, all * shaped” by cutting and polishing, so as to imitate 
the customary shapes of steel tools. 

18. Glass and china are also drilled by shaped diamonds, in 
which case a triangular splint is generally provided with a flat tri- 
angular pyramidal point, as shown at Fig. 136, which, when using 
turpentine as a lubricant, penetrates glass and china more readily 
than any other tool, and lasts for from one to two years, unless 
broken by carelessness or accident. 

19%. Fig. 136 shows a round-nose tool. The diameter or curve 
of cutting edge and its clearance from a right angle can be pro- 
dueed at will. 

20. Fig. 137.—This shows a sharp-nose tool, and in this again 
the angles can be varied at will. 

21. Fig. 138—This shows a square-nose tool, which is used 
mainly for producing very high finish of hard rubber. 

22. Fig. 139.—This shows a tool commonly used for turning 
paper calendar rolls, which must be very accurate and smooth. A 
piece of black diamond shaped as a round-nosed tool is simply 
clamped in proper position between two pieces of steel. 

23. Tools shown at Figs. 137, 138 and 139 are most commonly 
used for turning hard rubber, because the diamond lasts a very 
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long time without wear and produces absolutely smooth and acen- 
rate work, while steel tools wear off in a few minutes at most and 
get Very hot. 

24. One other reason why it is economically advantageous to 
use diamond tools for turning hard rubber is that very high speeds 
can be used, 450 to 500 feet per minute being common. 

It may here be added that diamond tools are most suitable for 
working carbon used for cleetrical purposes. 


25. Fig. 140 shows a diamond die for drawine wire.* This is a 


bronze block in which is set a diamond perforated by a tapering, 


polished hole through which the wire is drawn. The holes in these 
idmmonds are rarely made larger than 0.064 inches diameter, be 


cause steel draw plates or dies are considered sufliciently accurate 


ria, 140 


and economiea! for larger £1zes, and because of the great cost of 
diamond dies. The smallest dies which have come to the notice of 
the writer had holes of 0.001 in. diameter, although clients have 
called the calibers as small as 0.00045, 0.00055 and O.00065, Tt 
Is common practice to make the holes in diamond dies accurate to a 
0.0001 inch, which to many engineers may seem almost impossilli 
and is therefore here mentioned. 


“6. In drawing copper wire, it is customary to draw a 0.064 
vire one pass from a rough wire of 0.072 diameter. Smaller 
ives are then produced by the following consecutive reduetions: 
to 0.055, 0.045, 0.040, 0.036, 0.052, O.028, 0.025, 0.022, 0.019, 
then by 1-1000 down to 0.0075 and by half-thousandths down to 
0.001. 


7. It may be mentioned that diamonds wear increasingly 


when drawing the following metals in the order stated, viz.: gold, 

silver, copper, brass, bronze, platinum, soft steel, nickel, iron and 
ericible steel (piano wire). 

‘8. In order to show why such expensive material as diamond 

cai be used economically it may be stated that diamond dies wear 

This wire die is shown in section in order that its construction may be cle ar: 

he most improved setting steel is cast around the diamond to prevent its 

ting, and bronze is then cast around the steel setting to prevent corrosion of 

e steel by the substances used to lubricate the wire as it passes through the de. 
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up to eight vears under constant use. One die of 0.004 caliber 
has, according to the record, drawn over 550,000 pounds of sott 
copper Wire. 

29. Diamond drills for drilling glass wear from one and one- 
half to two years before requiring recutting, 

30. As is well known, diamonds are also used for spindle bear- 
ings in watches, and most recently have been introduced as cupped 


Fig. 141.—DenrTAL 


bearings for the pivots of eleetrie meters, because they produce 


the minimum of friction, and do not wear out in many vears. 

31. Another purpose for which diamonds are used is that of 
drilling teeth, especially artificial teeth. In these drills minute 
chips of diamonds soldered into steel shanks are used. These « 
monds are not prepared in any manner, as their points and ed; 
when properly selected are sufliciently hard and sharp to penetr 
bone and porcelain. 

32. The shapes of chips most generally used are flat, triangu’ 
points and three-sided pyramids. The most perfect drills for t 
purpose have diamonds of triangular sections with a pyrami: |! 
polished point. 

These drills are illustrated on a 6-fold seale at Fig. 141. 
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DISCUSSION, 


Mr. Fred. W. Taylor.—1 would like to ask Mr. Henning what 
shape he considers best for turning emery wheels. | fail to find 
this mentioned in his paper. 

Mr. Gus C. Henning.—The shape of the diamond has little to 
do with the dressing of wheels, but if it is desired to produce some 
particular shape, a sharp point, round or square edge is selected. 
The general rule is, the larger the wheel, the larger the diamond 
fo be used. Only rough stones are used for dressing grinding 
wheels. Grooves are cut by use of pointed stones. 

Diamonds are sometimes run under such pressures by unknow- 
ing or careless users that they become red hot, in which case they 
are ground away very rapidly. It is imperative to use them under 
a flood of water to keep the temperature down, and insure good 
work and long service. 

Mr. Taylor.—In truing up emery wheels evervone has had the 
experience of losing the diamonds. The opinion I have formed 
is that the diamond becomes loose and is lost, due to the action 
and the heat resulting from too heavy feeding. I would like to 
have Mr. Henning’s opinion. 

Mr. Henning.—With proper methods and careful workmanship 
it should be a simple matter to set a diamond so that it will neither 
flake, break nor become loose. The large end of the diamond 
should be deeply set in steel, and unless it is broken by excessive 
pressure it will never come out, but will remain firmly set until 
completely worn down. 

The best method for setting the diamond is to cast steel around 
it, and if the proper casting temperature is used the diamond 
becomes practically cemented in place. The proper temperature 
is about 4,500 degrees. 

When an octahedral or egg-shaped diamond is used it may be 
eround down to its maximum section; this being reached, the 
diamond should be reset end for end to expose the back end. This 
done, the diamond can again be used until its middle section is 
reached. This leaves a thin slab of diamond in the setting, which 
can again be reset. When octahedral crystals are used it is neces- 
sary to reset them four times, once for each point. This will en- 
sure that the entire diamond can be used up. 

Every diamond should be carefully catalogued in a record as 


to its provenance, weight, shape, dimensions and general char- 
27 
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acteristics. By such record its particular field of usefulness can 
be designated. 

Prof. W. W. Bird.—t should like to have Mr. Henning give 
some information as to the hardness of the diamond, 

Mir. Henning.*—Vhere is very little known about the hardness 
of diamonds, or about their relative hardness, except that they 
are the hardest material known. We know by rough approxi 
mation and guessing that some kinds are harder than others, but 
correct or accurate investigations have not been made as far as 
the writer has been able to learn. 

Carbon (or black diamond) found in Brazil is entirely granular 
and amorphous, and has no distinet cleavage planes in three direc 
tions and is not erystaline; it is opaque, and while having a pink 
ish-gray fracture, is generally purplish-gray or brown on the sur- 
face. This is supposed to be the hardest variety. 

Crvstaline diamond (bort) has three distinct cleavage planes, 
but is found in all colors of the rainbow, is transparent, and when 
absolutely clear is used for jewelry. The latter is considered very 
hard, but not as hard as a variety which is partly black but trans- 
lucent. The hardness of others is supposed to vary in accordance 
with the colors in following order: Light brown, vellow and dark 
brown. It has repeatedly happened that the latter explode upon 
removal from the mine and exposure to sun, light and air. Bra- 
zilian and Australian diamonds are generally considered harder 
than African stones. 

The hardness of diamonds is commonly tested by application 
to a grinding wheel and noting results. This is, of course, but 
a mere guess, 

A few words in regard to diamond dies. The wires drawn 
through them for electrical purposes must be so accurate that in 
winding coils, for example, the resulting coils should be perfectly 
svmmetrical. For electrical measuring instruments wire of ex- 
treme thinness is sometimes used, and all of it must be of greatest 
accuracy to produce correct resistances. Also platinum wires for 
use in incandescent lamps must be perfectly round and smooth. 
The dies used must therefore be perfect.. The holes are made 
by drilling and polishing, and very small variations in size are 
often required. Provided the copper is pure, there is very little 
wear on these dies and most of them are destroyed by bursting. 


* Author's closure under the Rules. 
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Probably the largest diamond dies made have been 0.74, 0.64 
and 0.53, but very few of these are used. Ordinary sizes, from 
0.45 to 0.30, are made in quantities. 

I also wish to eall attention to the behavior of the diamond as 
a cutting tool. It is so hard that when shaped and polished to a 
cutting edge it will not wear except after long use. Its destrue- 
tion is almost invariably the result of careless handling which re- 
sults in its striking or being struck a hard and sudden blow. 

When used for cutting rubber the diamond will sometimes chip, 
hut this is beeause it has struck some piece of foreign matter such 
us metal, whieh has been mixed in with the rubber. Ordinarily 

would cut this metal, but the speed of cutting for rubber is 
much too high for metal cutting and hence the diamond is chipped. 

The diamond tool is used not only for finishing but for rough- 
ing as well, and leaves a very fine finish which only requires pol- - 

lor trning metals or stone the diamond is not used because of 
its cutting ability, but beeause of its hardness and the consequent 
wearing away of the softer material. 

Hardness in the case of the diamond means not an ability to 
resist indentation or crushing but an ability to resist abrasion. It 

ill not wear, and therefore holds its shape. For this reason even- 
tempered steel can be cut with the certainty of obtaining accurate 
results. 
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MORE EXACT METHODS FOR DETERMINING THE 
EFFICIENCY OF STEAM GENERATING APPARA- 
TUS. 

BY A. BEMENT, CHICAGO, ILL. 


(Member of the Society.) 


1. The accepted method of conducting tests of steam-generating 
apparatus determines the results of the performance of the com- 
bined apparatus and its manipulation. Such experiments are re- 
ferred to as “ boiler” tests, vet they are not properly tests of the 
boiler, nor do such experiments show the results of the perform- 
ance of the fire or the furnace feature, except as measured 
through a more or less inefficient boiler. Basing results on the 
coal supplied to the grate less that which goes to the ash pit or is 
removed from the fire in cleaning, is a step toward determining the 
efficiency of the boiler, but, with present methods, it is assumed 
that the effect of the fire is constant or uniform, although gas 
analysis is required which shows that fires differ in quality, but 
this fact is neglected in considering the efficiency of the boiler, 
yet, any performance is dependent on the condition of combustion, 
or, in other words, the temperature of the fire. 

2. The purpose of the boiler is to receive heat from the gases, 
which is supplied to them by the process of combustion. As heat 
only flows from a region of higher to one of lower temperature, 
and as its rate of flow is governed by the difference between the 
temperatures, it necessarily follows that most heat will flow to the 
boiler when its temperature is highest. It is useful in this connee- 
tion to consider that heat and temperature are two entirely differ- 
ent things, temperature being the condition under which the 
heat is present. If a given quantity of heat is contained in a large 
amount of gas, it will be at a low temperature, but if in a small 


* Presented at the New York meeting (December, 1904) of the American 
Society of Mechanical Engineers, and forming part of Volume XXVI of the 
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amount, it will be present at high temperature. That this is true 
may be determined according to the formula, 


T Heat developed 
eight of gas x Its specific heat 

3. Thus the performance of a boiler is influenced by the temper- 
ature at which the heat is supplied; also, when a large quantity 
of heat is furnished, its absorption is less complete than with a 
small quantity, the temperature being the same in cach ease. 

4. Therefore, if boilers are to be compared with each other, 
so their heat efficiency can be determined, it could be accomplished 
if supplied with the same relative quantity of heat at the same 
temperature. These conditions would be fulfilled if a uniform 
uumber of heat units be supplied for each square foot of heating 
surface per unit of time and at some accepted standard tempera- 
ture. 

5. Gauging the required quantity of heat to be supplied would 
present several difficulties. The heating power of the fuel could 

e determined by sampling an analysis previous to instead of after 
the test, which would enable the proper amount of heat in the coal 
to be furnished to the grate, but fuel lost in the ash pit, removed 
in cleaning the fire or carried over the bridge wall, and incomplete 

tubustion, would have a varving influence of the quantity of heat 
generated, and the percentage of such heat, undeve loped, must be 
known and provided for in the supply of the fuel to the grate. 
lhe use of a standard high-grade coal would, of course, very 
largely reduce these difficulties. 

6. As different steam pressures have an influence on the amount 

heat flowing to a boiler, it would be necessary to use some 
standard pressure, which need not be that which would be em- 
ploved in service. And the loss of heat by radiation would be de- 

rmined or not, as circumstances require, but with well-set ap- 
paratus it could be assumed to be constant at rated capacity. 

7. The supply of a certain predetermined amount of heat would 
a very difficult matter, and a less efficient boiler would absorb 
smaller quantity of heat than a more etticient one, although the 
me quantity be supplied per unit of surface and time, and at 
tle same temperature, therefore, the less efficient boiler would 
do less work. Thus the eapacity would not be the same for each, 

nd instead of there being simply a difference in efficiency there 
would be a difference in both efficiency and capacity. It would 
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probably be better to produce a uniform capacity as measured in 
equivalent pounds of water evaporated from and at 212 degrees 
per square foot of heating surface per hour, or, in other words, 
operate the boiler at its rated horse-power capacity, for example. 
This would be a simpler method than that of affecting uniform 
supply of heat, and a standard condition of combustion as shown 
by the gas analysis would insure that the heat be developed at the 
required temperature. Owing, however, to slight varving com- 
position of fuels, it would be desirable to use coals in which the 
ratio between carbon and hydrogen is approximately the same. 
Thus with standard conditions of developed capacity, initial tem- 
perature and steam pressure, the heat developed referred to the 
heat absorbed, will show the efficiency of the boiler, so that com- 
parisons may be made. 

8. The efficiency of any particular boiler is a fixed quantity, 
which once ascertained according to some standard applies to any 
number of reproductions, and thus need only be determined once. 
It does not follow, however, that the eflicieney of different sizes of 
the same kind of boiler is the same. For example, there is a hori 
zontal water tube type which is usually made from 9 to 14 tubes 
in height, the travel of the gases being three times across thi 
tubes. The higher boilers are more efficient than the lower ones. 
For the reason that the gases pass across the tubes at a volume 
dependent on their temperature, and as the temperature drops, th: 
volume becomes less, which results in a portion of the tube surface 


ef the second and third passes especially not being in the path ot 


the flowing gases, therefore the fixed path of the gases passes 
across 27 tubes in the boiler which is tubes high, and across 42 
tubes in the one which is 14 tubes high. 

9. Purchasers’ requirements will demand in the future as in th 
past that tests of the combined apparatus with the fuel to be us 
be made to demonstrate if a certain efficiency and capacity ar 
obtainable. The results of such tests, however, are confusing 
when an attempt is made to determine the efficiency of boilers o 
of any portion of the apparatus. 

10. It is the author’s opinion that there is a greater differen: 
in the efficiency of different boilers than is generally realized. 1) 
this connection, experiments on two boilers to determine thei 
relative efficiency may be of value. 

11. These boilers of a horizontal water tube type adjoined eac’ 
other in one battery. With each the gases were discharged to th 
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same flue and steam at 175 pounds pressure to the same steam 
header. A chain grate stoker was located under each, and the fur- 
nace feature of the apparatus was well developed by fire brick tile 
suspended from the bottom tubes of the boiler, which extends ap- 
proximately 12 feet back from the front, corresponding to a brick 
arch of that length, in addition to the ignition areh of the stoker. 
These boilers are designated as A and B, and they and their asso- 
ciated features are exactly the same, except that of the path of 
travel of the gases among the tubes. With .1 the gases travel 
with the length of the tubes onee and do not act on all of the tube 
surface. With B the travel is three times the length of the tubes, 
in separate passages, which caused the gases to come in contact 
with very much more of the tube surface than with the boiler v4. 


Table No, 1 gives the relative final temperatures of escaping 


TABLE NO. 1. 


Boilers 
\ B 
Condition of combustion, CO,............... 10.7 10.3 
lleating surface, square feet .... £00 4,800 
emperature of escaping mases, final... ...00..cscccseceeesse 657 469 
above air supply ............. 582 394 
steam temperature ..... 278 92 


ses at approximately the same capacity and condition of com- 
stion. These experiments were not made at the same time, but 
same kind of coal was used. The reason that the gas analysis 

as only carried to CO, is that, owing to the very efficient tile roof 
furnace, combustion was always complete. The horse-power de- 
loped placed each boiler nearly on the same basis, being about 
per cent. to the disadvantage of B, therefore the work done by 
ch was approximately the same. The condition of combustion 
as also slightly in favor of boiler A, but this may be considered 
approximately the same for each. Thus all conditions were 
ractically the same except that of temperature of escaping gases, 


hich showed a considerable difference in the boilers as gas coolers. 
12. If the specifie heat of gases at high temperature were 
known, the gas analysis and an ultimate analysis of the fuel would 
afford data for calculating the quantity of heat in a pound of gas at 
initial temperature, and the heat remaining at final temperature 
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could be ealeulated from direct temperature measurement, and 
the etliciency could be expressed according to the equation, 


and it would not be necessary to determine the quantity of fuel 
used in such an experiment as given in Table No. 1. 

13. If the reduction in temperature of escaping gases from a 
boiler by 1S6 degrees may be taken as representing the work of 
an average economizer, then it appears boiler B possesses an etti- 
cieney equal to that of the combined efficiency of boiler A and 
an economizer; or, in other words, that B is as efficient without an 
economizer as the combined efticieney of boiler A with one, which 
serves to illustrate the great difference which may exist in different 
boilers. 

14. These boilers were also tested by the alternate method of 
the standard code, which Was feasible, beeause eonditions could 
be exactly the same, and the object was to compare one with the 
other, and not with boilers in general. The tests were run at 
the same time, one being started 15 minutes before the other. 
Alternate wheelbarrows of coal from the same source were laid 
down before each boiler only as required. The thickness of the 
fire was the same. Each damper was full open and the speed of 
the stoker regulated so that the fuel bed extended to the end of the 
grate. The result is shown in Table No. 2. 


TABLE NO. 2. 


Boilers. 
Pounds of pure coal burned per hour..................05 1,769.75 = 1,446.56 
water evaporated per 13,210.34 13,629.24 
per pound of pure coal burned 7.47 9.42 
Heating power of pure coal B.t.u. per pound....... ino Spe 13,633 
ne steam temperature.......... 217 65 
377 377 
Draft over fire, inches of water ...............4. eee eee 0.38 0.2 
Efficiency, per cent. of heat absorbed by boiler............ 52.93 66.7: 
Fuel saving of boiler B over A, per cent... 20.08 


15. Pure coal is an expression which the author prefers to use 
instead of that of combustible, because the fuel free from ash ani 


| 
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moisture contains oxygen and nitrogen, which are not combusti- 
bles. The capacities were lower than those in Table No. 1, because 
the coal used was a less favorable size. This latter test shows the 
effect of the difference in efficiency of the two boilers in ordinary 
service. 

16. The author prefers to recognize a steam generating appar- 
atus as being composed of separate features as follows: As boiler 
and grate, with this combination, the gases flow in contact with 
the heating surface immediately as they leave the fire. Also, 
as boiler, grate and furnace, the latter feature consisting of a 
refractory roof over the fire which extends back a considerable 
distanee, its presence making it possible for the gases to be mixed 
together a sufficient extent while at high temperature, so that no 
combustible escapes oxidation. Such feature here designated as a 
furnace, if of a length of about 14 feet, will prodnee an ideal 
mixture of the gases if the coal is supplied to the grate at a 
uniform rate, but, if not, its ability to effect mixture of the gases 
is not sufficient for complete combustion. With the thick fire of 
a chain grate stoker feeding bituminous coals, a considerable 
amount of combustible gas escapes from the front of the fire, 
such a quantity, in fact, that an ignition arch alone, although 5 
fect in length, does not cause sufficient mixture of the gas and air 


to produce complete combustion. Therefore, if the maximum 
requirement of the furnace is to thoroughly mix together the 
gascs from a chain grate fire, then the efficiency of such furnace 
feature as fitted under boilers A and B is ideal, because proper 
revulation of the quantities of air and fuel supplied by the grate, 
resulted in the production of 18 per cent. CO, with complete com- 
bustion and no smoke. 


*. The performance of the chain grate stokers under boilers 
A ond B are unsatisfactory in two respects: First, that with desir- 


a strength of draft the available thickness of fuel bed does 
ho! supply sufficient combustible to satisfy the air supply. Second, 
fil is wasted by passing over the end of the grate with the ash. 
This latter fault may be remedied by running the grate at a speed 


Which will allow the fuel to burn away before it reaches the end, 
but this results in increased excess of air, therefore the chain 
grote stoker, in eombination with the above deseribed furnace 
fex ure, is inefficient to the extent by which it fails to supply 
a sifiicient thickness of fire or quantity of combustible, and the 
loss of fuel with the ash it not a fault of the stoker, because if the 
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supply of combustible was sufficient to satisfy the air the grate 
could be run at a speed which would insure that the fuel all be 
burned. 

18. It is the author’s wish in presenting this paper to suggest 
the advantages of more detailed study of steam generating ap 
paratus. Such results as shown by boiler B over A would justify 
considerable investigation in connection with either selection or 
design, and the burning of inferior bituminous coal without smoke 
is a feature of increasing value. 


DISCUSSION 


Prof. Wm. Aent.—If it is desirable to have two boilers tested 
under identical circumstances so that each shall be supplied with 
the ‘‘ same relative quantity of heat at the same temperature,” 
and this can probably be done most easily with natural gas, both 
the gas and the air being supplied from meters. It would |i 
almost impossible to secure identity of conditions with coal fuel. 
Suppose it were possible to make such tests, what would be the 
use of them? They would probably show that the plain cylindey 
boiler has a greater efficiency for a given rate of evaporation pe: 
square foot of heating surface per hour than any other boiler, 
provided that the radiation loss from this boiler could be reduced 
to as low a percentage of the total heat generated as it is in othe: 
boilers. This result would follow from the fact that the plait 
cylinder boiler is about the only one that has ever been made it 
which there is no possibility of some short circuiting of gases: 
and of what use would this result be if it were found? It woul 
not lead to anyone’s prefering to use a plain cvlinder boiler t 
any other kind of boiler, for it has too many defects which ove 
balance its single point of superiority. 

The statement made in paragraph 8 of the paper that the effi 
ciency of any particular boiler is a fixed quantity which onc 
ascertained according to some standard applies to any numbe: 
of reproductions and thus need only be determined once may 
also be true, but of what use is it if it is practically impos 
sible to fix a standard set of conditions which can be dup! 
cated on two successive days. It might possibly be duplicated 
if the conditions of firing were natural gas supplied from a meter 
at a definite rate per hour and air supplied also at a definite rat: 
and of a definite condition as regards dryness, and so mixed wit! 
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the gas that complete combustion takes place before the products 
of combustion touch the heating surface. If such a standard set 
of conditions could be obtained this standard would have to vary 
for each kind of boiler and for each variation in shape or dimen- 
sions of each boiler in order to obtain its highest efficiency. For 
instance, if radiation of the horizontal cylinder could be sup- 
pressed, it might be possible to obtain an efficiency of SO per 
cent. at a rate of driving of 4 pounds of water per square foot of 
heating surfee per hour after having experimented long enough 
to find what mixture of gas and air would give the highest furnace 
temperature. Then experimenting with other boilers, it would 
be found that the same efficiency of 80 per cent. could be reached 
with the same analysis of the gases of combustion at rates of 
driving varying with each kind of boiler and with different sizes 
and shapes of the same kinds from two pounds to something less 
than four pounds. And what would be the use of such a result 
if we had it, if the efficiency of these same boilers tested with 
coul would vary with no sort of regularity and according to no 
ascertainable law with every variation in kind of coal and char- 
acter of firing? For example, I once tested a water-tube boiler 
in which the gas passage were arranged exactly as in boiler A 
described in the paper. At a moderte rate of driving I got a 
very low efficiency and a high temperature of the furnace gases. 
| attributed the poor results to short circuiting, and said that next 
day T would drive the boiler higher, would obtain higher capacity, 
ligher efficiency and lower chimney temperature, which I did. 
A\n entirely different set of results might have been obtained if 
i different kind of fuel had been used. Of what importance was 
it for me to obtain a definite figure for the efficiency of this boiler 
under a standard” set of conditions such as burning, say, 
anthracite egg coal, with a definite force of draft and a definite 
ite of combustion per square foot of grate surface, if the boiler 
was actually to be used with bituminous coal which varied in 
quality every day in the week? 
The author states that a furnace having a refractory roof and 
length of fourteen feet will produce an ideal mixture of the gases 
the coal is supplied to the grate at a uniform rate, but if not 
its ability to effect the mixture of the gases is not sufficient for 
complete combustion. This statement is no doubt true for a 
certain grade of coal fired at a certain rate, but if we tried lig- 
nite at the same rate or the same coal supplied to the grate at 
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double the rate but yet a uniform rate, it is not probable that 
fourteen feet length of the furnace will be nearly sufficient to 
cause complete combustion unless other means are taken to cause 
mixture of the combustible gases and air in the furnace. Such 
a means of mixture is provided in my Wing Wall furnace, and 
such a means also is provided in under feed stokers, in downward 
draft furnaces and in chain grate stokers when supplied with a 
sufficient length of arch and run in such a manner as to supply 
enough air through the rear portion of the grate to burn the gases 
produced in the front portion. 

Mr. Bement’s paper contains some interesting information and 
deductions, but it does not lead to any more exact methods for 
determining the elficiency of steam generating apparatus than 
we now have. Our methods of determining the efficiency are 
already about as exact as they need be. What we need is some 
means of controlling the efficiency, and that will not be sup 
plied until the fireman is furnished with a registering pyrometer 
which will be as easy to read as the steam gauge is already, and 
apparatus which will indicate continuously the percentage o! 
oxygen in the furnace gases. 

Prof. FA. Mitchcock.—I trust that Mr. Bement’s suggestions 
will bring out others along this line with experiences, attempts, 
suggestions and failures, so that some who are constantly making 
investigations along steam generation lines may profit thereby, 
and not start out on paths that will have to be retraced, 

If boiler efficiency is to be determined by the condition and 
temperature at the furnace of the products of combustion, the 
fields of trials at present will be quite limited, for to draw correc! 
comparisons between different types of boilers they should hay 
the same type of furnace, one that will give complete combus 
tion of gases with high temperature before the boiler surface: 
are reached. The temperature of the gases leaving the furnac 
would, of course, be very important, since two boilers identica 
in type, size and condition and, therefore, of the same efficiency. 
would show different efficiencies with different furnace temper: 
tures, other conditions remaining the same. This requiremen! 
would eliminate all boilers where the grate is in close proximit) 
to the heating surface, and also all of the internal fired type. |’ 
would also be very difficult with the latter to obtain the tempers 
ture and a sample of the gas for analysis just after leaving tli 
furnace, requirements necessary in all cases. My experience i) 
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obtaining furnace temperatures and a continuous sample of gas 
just before entering the tubes on a Babcock & Wilcox boiler with 
Dutch oven furnace, has been that it is difficult and expensive. — I 
should say that every boiler should have a furnace that will give, 
when properly handled, practically complete combustion with bigh 
temperature. Then a complete boiler heat balance trial will at 
once show if the boiler is being handled properly for the condi- 
tions existing. That is what the owner of the boiler plant wants 
to know. 

Now, if Mr. Bement had obtained complete heat balances for 
tests on boilers A and 7, Table II, we could see at once why 
there was a saving in fuel of 20.68 per cent. Now, assuming, as 
was probably taken for granted, that all the conditions of each 
test was constant, the only difference being in the final tempera- 
ture of the escaping gases, then the gain was due entirely to the 
reduction in temperature of the products of combustion and air 
inexeess. Now, boiler A absorbed 13,633 « 0.5293 = 7,220 British 
thermal units, and 13,633 x 0.6673 = 9,110 British thermal 
units per pounds of coal, or a difference of 1,890 British thermal 
units, with a drop in temperature of the products of combustion 
of Bover A of 152 degrees, which gives 12.4 British thermal units 
per degree of temperature. As the products of combustion on 
boiler A had a temperature of 514 degrees above the air supply, 
the loss, therefore, in that direction, on a basis of 12.4 British 

ermal units per degrees, would be 12.4 « 514 = 6,375 British 
thermal units per pounds of coal. Now, (7.47 x 965.7) + 6,373 

13,586 British thermal units, leaving a difference of only 47 
british thermal units, or 0.3 of one per cent. to be charged to 
two sources of loss at the very least, that is, radiation and un- 
burned coal in refuse. There must have been some loss due to 
unburned coal, especially since the boilers were equipped with 
the chain grate stoker, and there is certainly loss in radiation. 
To have a loss in the products of combustion of 6,373 British 
thermal units per pounds of coal, with a temperature of products 
of combustion above atmosphere of 514 degrees, would mean an 
air excess of about 450 per cent. These points seem to indicate 
that in the two trials given the conditions were not the same; in 
fact, the drafts above the fires are quite different which would 
unquestionably make quite a difference, the kind of coal and 
thickness of fires remaining the same. I consider a boiler trial 
incomplete when there is no heat balance, and diiferent trials on 
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the same, or different boilers, are incomparable without it. I 
‘annot agree with a prominent engineer who recently stated in 
print that a boiler heat balance looks nice on paper, but prac- 
tically was of absolutely no value. If as much time, thought, 
experimentation, etc., had been spent during the past on the 
steam generation side of the power plant as on the power side we 
would to-day have more efficient systems. 

Mr. Arthur Herschmann.—The word * circulation’? stands 
for efficiency in steam raising. The water should flow unchecked 
from low to high temperature until it leaves the boiler as steam, 
while the furnace heat should be communicated to the boiler 
contents until its temperature is lowered to a certain minimum, 
when the gases should be allowed to escape. 

I wish to emphasize the well-known fact that with the average 
boiler plant the flue gases escape at an excessively high tempera- 
ture. The reason is that the stack would not produce draught 
strong enough to supply the requisite amount of air for combus- 
tion were it otherwise. 

A very high stack—on the other hand—which produces strony 
draught with little ** head of heat,’’ as we might say, would be 
wasteful of heat whenever a fixed relation between the position 
of its damper and the condition of the fire is disturbed. 

For the above reasons it would seem that ‘ blowing air 
through the fire *’ is deserving of more careful consideration, ani 
that it should be made the subject of accurate comparative tests 
to determine its value with high stacks, such as we have i: 
modern office buildings. Efficiency is raised by blowing air s» 
as to produce a balance of pressure above the fire and helping 
the products of combustion being drawn through the damper. 
which latter is set to fit conditions. 

Mr. George Il. Barrus.—The title of this paper is a misnomer. 
In the closing paragraph, the author says that its object is mere! 
to suggest advantages of more detailed study of steam generatiny 
apparatus, but it might be inferred from the title that its object 
is to criticize the existing methods for determining the efficiency 
of boilers. I have carefully read the paper and I do not fin! 
in it any such criticism, neither do there appear any suggestions 
for improving the methods already well-known and thoroug!i!\ 
embodied in the report of the work done by the Boiler Test Com- 
mittee of the society. It may be inferred from reading the tit'« 
** More Exact Methods of Determining the Efficiency of Stes: 


DETERMINING EFFICIENCY OF STEAM GENERATING APPARATUS. 429) 
(renerating Apparatus’’ that the methods established by the 
society's committee are not sufficiently exact, and that the author 
has better ones. There is, however, no contention of this kind. 
Considering that the paper merely 
analysis than is sometimes undertaken, the wording of the title 
should be changed accordingly. 

| object to the use of the words ‘* pure coal’? in Table number 
», instead of the commonly accepted term used in this country, 
‘“combustible.”? The term ‘*ecombustible*’? has come to be well 


advocates a more complete 


known by long usage, and it has been incorporated in all the tables 
of the various testing committees of the society which have 
passed on these subjects. It is true that the word ‘* combust- 
ible ** does not quite fill the bill, but it is equally true that the 
term ** pure coal”’ has a like failing. Individually, I consider 
that **combustible is a far better name than pure coal,” and 
there is no advantage whatever in substituting the less expres- 
sive term. 

lt would increase the value of the paper if sketches or drawings 
were added, showing the leading features of the two boilers A 
and 7, to which extended reference is made. From the reading 
of the deseription, I am unable to fully understand the arrange- 
ment, and no doubt others may find the same difficulty. 

Mr, Albert A, Cary.—I will be obliged to take exception to 
the first paragraph of Mr. Bement’s paper. 

If a boiler test be carefully conducted in accordance with the 
omplete form advised by the American Society of Mechanical 
ingineers’ Boiler Test Committee in the Code of 1899, sufficient 
information will be obtained to determine the separate and indi- 
vidual efficiencies of both the boiler and the furnace which, as 
correctly stated by Mr. Bement, are necessary to obtain exact 
information concerning steam generating apparatus. 

by referring to my discussion of the *‘ Revision of the Code 
for Conducting Steam Boiler Trials’? at the December 15%) 
meeting of this society, it will be seen that I suggested the neces- 
sity for a statement of boiler efficiency apart from the furnace 
ellicieney, and I can state now that I am a much firmer believer 
in the necessity of the separation of these two efficiencies than I 
was five years ago. 

Most steam users seem to regard the furnace and boiler as one 
integral piece of apparatus which is wholly wrong. They are 
us separate one from the other as the boiler and the engine. 


i 
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The furnace is purely and simply a chemical apparatus, while 
the boiler is a physical apparatus, and in testing they should be 
treated as such. 

The furnace, by chemical action, is a producer of heat, while 
the boiler (diametrically the opposite) is an absorber of a portion 
of such heat as the furnace delivers to it. 

Any material advance in the improvement of steam generating 
apparatus cannot proceed until it is thoroughly appreciated that 
both boiler and furnace have their own individual efficiency, and 
the product of the two separate efficiencies will give the com/ned 
boiler and furnace efficiency, which latter efficiency, as has been 
indicated by Mr. Bement, has been too commonly accepted with- 
out proper analysis to determine whether we are operating with 
a boiler of high efficiency connected toa furnace of low efficiency, 
or whether our boiler is very wasteful while the furnace is all 
that it should be. When such an analysis is made, it is often 
astonishing to see how quickly defects are discovered which may, 
in many cases, be remedied and followed by a decrease in fuel 
consumption and by a suppression of the smoke nuisance. 

Furnace efficiency may be defined as the ratio of the total heat 
delivered from the furnace to the total heat value of the coal 
consumed, 

soiler etficiency may be defined as the ratio of the total heat 
absorbed by the boiler to the total heat delivered by the furnace 
to the boiler. 

With this preface I will now proceed to show how boiler and 
furnace efficiencies may be arrived at by use of the informa. 
tion obtained in a boiler test conducted according to the con. 
plete form of the American Society of Mechanical Engineers’ 
Code. 

The following table gives the heat balance of a combined fur 
nace and boiler test I conducted, which will show how the hea: 
is distributed between the furnace and boiler: 
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HEAT BALANCE OR DISTRIBUTION OF THE TOTAL HEAT CON- 
TAINED IN THE COAL, 


Toran Hest VALUE OF 1 LB. oF COAL, AS DETERMINED BY MAnLER Bonp 


CALORIMETER, 12,599 Bririsu THERMAL UNITS 


1) Heat absorbed by boiler as found in dry steam evaporated 
per pound of coal. ... S019 6:5. 850 
hb) Loss due to non absormtion of heat contained in the steam 
evaporated from the 
Moisture in the coal} 
229 1.820) 
air 
Loss due to the non-absorption of beat contained in the 
steam formed by the burning of hydrogen ............. 36 0.283 
7) Loss due to heat carried away in gases delivered to chim 
ney: Heat in the CO,-CO-O-N, ete, 
moisture from the coal..... 3,121 
burned hydrogen 
the air 
Loss due to incomplete combustion of carbon ; S76 6.972 
f) Loss due to unconsumed liy lrogen and hydrocarbons 58H 1.628 
gq) Loss due to unburned carbon leaving the furnace with the 
ash : 270 2.150 
due to heat withdrawn from furnace with ash 26 0.211 
Loss due to radiation 3.200 
Total... 12.559 100.000 


We can now, with the heat balance before us, separate our 
charges against boiler and furnace, and so arrive at our boiler 
and furnace efliciencies. 

This balance shows charged against the furnace: 


B.t.u Per Cent. 
Total ... 1.752 138.961 
This gives us a furnace efficiency of (100 — 13.961) = sh.039¢,. 
The following losses ave chargeable against the boiler: 
B.t.u. Per Cent 
Total ..... 22.189 


From these results it will be seen that the boiler efficiency 
referred to the total heat value of the coal is’ 


(100 — 22,189) = 77.8114. 


a 
= 
: 
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But we know that the total heat value of the coal is not deliv- 
ered to the boiler by the furnace, there being only 86.039¢ of 
this amount of heat available for use by the boiler. By simple 
proportion we have: 

22.189 : 86.0389 :: X +100, 
the value of X being 25.7%¢, which represents the true loss charged 
against the boiler. The true efficiency of the boiler is therefore 
(100 — 25.79) = 74.21 per cent. 

To check this boiler efficiency result we can use the well-known 
therodynamic formula: 


100 E. 


In which 

//= The British thermal units delivered by the furnace to 
the boiler (/.¢., 12,559 — 1,752 = 10,807 British ther 
mal units). 

4 = The British thermal units rejected from the boiler to 
the chimney and from the boiler by radiation (/.+.. 
2,121 + 229 + 36 + 402 =2,788 British thermal units). 

i= The efficiency of the boiler referred to the total heat 
delivered by the furnace to the boiler, 

By substitution we have 

100 x whos an —_ = 74.21 per cent. 
10,807 
which is the same resalt as obtained before. 

By taking 74.21 per cent. of 86.039 we find that combined efli- 
ciency of the boiler and furnace is (74.21 « 86.039) = 63.85 per 
cent., the same as shown in item (a) of our heat balance. 

With an initial temperature in the furnace, varying between 
2,500 degrees and 3,000 degrees F., as existed during the test 
reported above, a boiler efficiency of 74 per cent. is too low, 
whereas the furnace efficiency of 85 per cent. is good, although 
a somewhat higher efficiency is practically possible. In another 
boiler of the same type, after making temperature tests and gas 
analyses, I was able to make changes which raised the boiler 
from a similar efficiency to that just given to an efficiency o! 
nearly 85 per cent. If the boiler we have been considering had 
an 85 per cent. efficiency, the combined efficiency of boiler and 
furnace would have been (85 per cent. x 86 per cent.) = 73.1 per 
cent. which would mean a saving of 9.25 per cent. in the fuel bill. 

Conducting an elaborate and careful combined boiler and fur- 
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nace test, according to the American Society of Mechanical En- 
vineers’ Code, such as is necessary to make a heat balance as 
viven above, entails altogether too much work should we merely 
wish to ascertain the individual furnace efficiency. 
| have by another and more simple method of procedure suc- 
ceeded in obtaining this information, but as a description of this 
method would carry us away from a proper discussion of this 
paper, T will not attempt to deseribe it here, but will make it the 
subject of a paper to present at the coming meeting of the society. 
In my work of designing and improving furnaces, | do not 
always find a boiler attached to the furnace, and therefore such 
4 procedure as outlined above becomes impossible, but by the 
special method—just referred to—the furnace efficiency can be 
scertained with equal accuracy whether the furnace is used for 
netallurgical purposes, for burning cement or for any other 
}) irpose. 
hteferring now to paragraphs 4 and 5 of Mr. Bement’s paper 
we see, with the discussion I have just presented, that it is not 
necessary to establish a set of uniform conditions requiring the 
ielivery of the same relative quantity of heat at the same tem- 
erature in order to arrive at this information regarding the 
ndividual efficiencies of furnace and boiler, although, of course, 
is desirable where a comparison of two dilferent types of boilers 
nd their standard settings is wanted, to use standard boilers of 
nearly the same rated horse power as possible in connection 
th furnaces built as nearly alike as conditions will permit, and 
course, it is well in such comparative tests to use the same coal 
d have the fires handled as nearly alike as possible. 
\s Mr. Bement has stated, the individual etliciency of any 
rticular boiler is a fixed quantity, and when once determined 
li apply to any number of reproductions, providing the size, 
etting, travel of gases and length of time that they are in con- 
tact with all parts of the heating surface are identical, but the 
veaking down or displacing of baffles or any other cause which 
vould produce a short circuiting of gases, will decrease the effi- 
ency of the boiler. 
lor a matter of reference, all individual efficiencies of boilers 
iould be stated with some standard assumed temperature of gases 
elivered from the furnace, as well as with some standard as- 
umed temperature of gases discharged by the boiler to the flue 
utlet, and factors may be determined which when multiplied by 
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the individual boiler efficiency, as just described, will give the 
change of efticiency in the boiler as the temperature of the furnace 
and flue gases change. 

Such factors could be arrived at with comparative ease if the 
specific heat of the hot furnace gases was a constant quantity at 
all temperatures, but the change in the specific heat of gases at 
different temperatures is, unfortunately, a matter we know too 
little about at present. 

I can endorse the assertion made in paragraph 10 of Mr. 
Bement’s paper, that there is probably a greater difference in 
individual boiler efficiencies than is commonly appreciated, 

I do not mean that the value of a square foot of heating surface 
in any one boiler is greater than in some other boiler per se., 
but my experience has shown that the travel of hot gases from 
the furnace to the flue outlet is not as well regulated in some 
boilers as in others. 

Such gases should be as uniformly distributed as possible over 
the entire heating surface as is consistent with proper draft con- 
ditions, and within practical limits, the greater the length of time 
the moving gases are held in contact with the heating surface of 
the boiler, the greater will be the boiler’s efficiency. 

These facts have been made most apparent in a number of tests 
I have conducted. 


In one type of boiler in which the travel of gases from the 
furnace to the flue outlet is of considerable length, but in which, 
with the standard method of setting, the furnace is not an idea! 
one for the use of bituminous coal, with such fuel the percentage 
of boiler efficiency is always higher than the percentage of fu 


nace efficiency. 

With another type of boiler, in which the length of travel of 
the furnace gases is less than with the other boiler just mentioned, 
and in which, with standard setting, the furnace is well adapted 
for the use of bituminous coal—with such fuel I have always ob) 
tained a higher percentage of furnace efficiency than percentay: 
of boiler etticiency. 

I have found in many cases that the loss in one direction 
in one of these type of boilers has offset the loss in the other 
direction in the other type of boiler, so that the combined etl 
ciencies of the two boilers have shown about the same results. 

This shows us the value of separating the furnace and_ boiler 
efficiencies, as with such information I have been able to chany 
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the construction of the poorly efficient furnace attached to the 
highly efficient boiler and thereby obtain a materially higher 
combined efficiency and fuel saving, to say nothing of the smoke 
suppression, While in a certain case where the well constructed 
furnace was used with the less efficient boiler, 1 was able, by 
making a better disposition of the furnace gases, to raise the 
boiler efficiency and obtain an excellent combined efficiency and 
fuel saving. 

[f this matter of individual boiler and furnace efficiencies had 
been better understood during the past few years, we would not 
see so many bad examples of steam plant practice as exist to-day, 
in which the proper balance between furnace and boiler has seemed 
to have been lost sight of. 

In large plants this bad practice has become almost epidemic, 
and they are paying for it dearly, while the coal companies are 
reaping a splendid harvest. 

| have in my practice found confirmation of the results shown 
in Mr. Bement’s tables No. 1 and No. 2, which are well worth 
careful consideration, as they show avoidable losses which exist 
in many steam plants. 

As regards the use of the expression ** pure coal ”’ in preference 
to **combustible,’” I believe this to convey a better meaning of 
What is intended to be conveyed by its use. 

Mr. Snow uses this expression in his work on Mechanical Draft, 
ind Mr. Pool uses it in his work on Fuels. 

Mr. Bement’s statement that a refractory arch over the fur- 
nace and combustion chamber of a length of fourteen feet will 
produce ideal conditions, is probably made in reference to North- 
ern Illinois and Indiana coals, but there are other matters of 
equal importance affecting furnace efficiency, some of which 

‘re referred to in my topical discussion at the Saratoga meeting 


this society. 


Prot, D. S. Jacobus.—This paper appears to propose that the 


licieney of a boiler be based on the amount of heat it absorbs, as 
iiputed from the temperature of the flue gases. It would be 
possible under ordinary conditions to secure exact results in 

s way. In the first place, the exact temperature of the flue 
ses is hard to determine. In some boilers there are differences 
°() to 100 degrees or more in the reading of a thermometer when 

¢ bulb is held in various positions in the flue. Even if the 
\emperature of the flue is determined at various points it is hard 
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to say how to obtain a correct average because the velocity of 
flow of the gases varies at different parts of the flue. Further 
more, if the efficiency is to be computed in this way it would 
be necessary to determine and allow for the amount of air leakage 
in the boiler setting. It therefore appears that the method pro 
posed is subject to a much greater error than the one ordinari|\ 
adopted, and for this reason its use should not be recommended. 


Prof. Wm. Nent.—l have heard a great deal about this sep 


arating the efficiencies of the furnace and boiler, and [Tam not 
quite sure about it, and [ hope Mr. Cary when he revises his 
discussion he will make it clear. Imagine a water-tube boiler 
under which we are burning western bituminous coal high i) 
moisture. We TAY have oa temperature of degre: 
in the furnace and the same temperature in the chamber aboy 
the tubes, the flame continuing all the way, and a temperatuy 
at the flue of 1000 degrees. The next day we change the cond 
tions, and we have a different coal, say dry anthracite, and } 
very careful firing and careful proportion of draught and a 
supply we may get a temperature of 3000 degrees in the furnac 
i200 degrees above the tubes, and 500 degrees at the flue.  T 
next day we test it again with anthracite coal and we havea gre: 
excess of air so that the temperature is only 2000 degrees in 1 
furnace, with an efficiency of 100 per cent, 1500 degrees abo 
the tubes, and say 700 at the flue. Now the efficiency of | 
boiler differs in the different cases, and the efficiency of the furne 
is 100 per cent. in two cases of perfect combustion. What is it 
the first case, where the combustion is incomplete, and should t 
low efliciency of the boiler be charged to the furnace or to 1 
unfavorable conditions? 

Mr. Albert A. Cary.—Concerning the variation of boiler + 
ciencies with a change of furnace and flue outlet temperatu: 
referred to by Prof. Kent. 

I have already considered this in my discussion, though \ 
somewhat less elaboration, and suggested a means of express 
boiler efficiencies so as to eliminate the difficulties he had 
scribed. 

Concerning the matter of accounting for air leakages aro! 
the settings of boilers referred to by Professor Jacobus, | 
accounted for such infiltrating air quite satisfactorily by coll: 
ing simultaneous samples of furnace gases at the furnace and 
the flue outlet, and the difference between the excess of air 
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counted for at these two places by gas analysis give the amount 


of air passing through the setting. 

Mr. George I. Bouton.—In paragraph 14 Mr. Bement tells us 
some of the conditions under which this test was made, and they 
evidently made an attempt to get uniform conditions under both 
boilers .f and BL, but they also evidently overlooked the fact that 
by inserting the bailles referred to they did practically the same 
thing as they would do if they shut down the damper in boiler 2 
so much they only got 0.22 draught, while in boiler A they have 

os. Now, by referring to Mr. Bement’s paper, read before the 

Western Society of Engineers some time ago, you will find a table 
n which he gives the variation in efliciency of a boiler equipped 
with chain grate stokers with a variation of draft, and you will 
find that table accounts for over half of the difference in effi- 
ciency (shown in table No. 2) as due to the difference in draft. 
They were apparently getting all the air they could through the 
vrate, due to the draft that was available, so that in the tests 
referred to in Table No. 2 they must have been getting a very 
large excess of air, because they were only burning about two- 
thirds of the coal burned in tests shown in Table No. 1, where 
they show about 10 per cent. CO,, so the temperature must have 
been very low and the efficiency shown was not what it would be 
if the dampers had been properly regulated. 

Mr. A. Bement.*“—Prof. Kent reverses the matter from the 
standpoint at which I present it, and refers to the production of 
a standard efficiency, thus making capacity the measure of 
superiority, and asks what would be the advantage of knowing 
that under such conditions one boiler evaporated two pounds 
and another something under four pounds of water per hour per 
syuare foot. The answer is that a purchaser could select that 
with the largest capacity, and in so doing need only purchase a 
‘ttle more than half as many boilers, real estate to place them 
on and buildings with which to cover them, than he must if 
selecting that boiler of the two pound square foot capacity. As 
to anyone preferring one kind of boiler over another on account 
o! its possible advantage, I would say that they no doubt would, 
because certain boilers are now very often bought on account 
of the belief that they are more economical than others, and if 
{ superior efficiency was known, it would cause people to prefer 
such boilers. 


* Author’s Closure, under the Rules 
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Prof. Hitchcock has apparently overlooked the statement 
that the weights given in Table No. 2 are the pounds of coal 
burned. The amount fed by the stokers was greater, and there 
was loss of fuel in the refuse. These losses were determined |), 
weighing the refuse, also sampling down the entire quantities 


and analyzing these samples. So that the quantities of fuel no 
burned were subtracted from the quantities which were fed, an 
the calculations were based on the pounds burned, and the word 
** burned *? was used with no reservation, because combustion wa 
complete ineach case. This was not a test of the entire apparatus 
.but of the boilers only, and the amount of coal burned, and 
equivalent evaporation per pound of fuel was very easily and 
accurately determined, and a heat balance with its difficult 

and complications was not required to determine the result. 

The 0.3 per cent. of the heat as calculated by Prof. Hite! 
cock for boiler 1 should have only the radiation charged agains! 
it, and if that quantity is not sufficient, it illustrates one of t! 
difficulties in making a heat balance. As stated in the pape: 
the condition of combustion was not good, inasmuch as the exces 
of air was very large. CQO, for furnace of boiler A being 7. 
per cent., and for 4, 6.7, the lower CO, of the latter was t 
product of two influences. Furnace 7 burned much less coa), 
therefore the tendency was for the fixed leakage of air to 
proportionately more than with the other furnace, but as furna 
2 had a smaller opening at the bridge-wall, this condition ve 
nearly neutralized the other, therefore, as far as effect on 
boilers was concerned, it was slightly in favor of A. The « 
used in these tests was not selected, but was what came do 
from the bunkers at the time, and owing to its size, and to 
fact that the stokers are faulty in some respects, as mentioned 
my paper, a better condition of combustion could not be secur 
at the time. But I am quite willing to make a heat balance, : 
extending Prof. Ilitchcock’s analysis, we have Table No 
in which the radiation loss, while appearing a little lower t! 
would probably be expected, is entirely consistent. Slig! 
lower for boiler /?, as it should be, not because this boiler ra: 
ated less heat, but because the horse power produced throuy 
was greater than with the other. 

The fact of less draft in furnace /? is not an indication of (:! 
ference of conditions, as far as the object of the test is concerned, 
because it was caused by the boiler itself owing to the gr 
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TABLE 3. 


Disposition or THE Hear; Borers AND 


Bririsnh Unirs 


In making steam ............ i 7,220 9.110 §2.93 | 66.73 
Lost in escaping gases 6,373 4.489 46 33.02 
radiation by difference. .. 1) 34 0.54 | 0.25 


resistance of the complicated gas passages in it and not from any 
other cause. The effect of reduction of draft with this furnace 
vas to burn less coal than with the other, but the fact should 
not be overlooked; notwithstanding this, its beiler made the 
reatest horse power. Table No. 4 will illustrate these features: 


TABLE 4 


Propucep By Boers. 


Conprrions For Borers 
anno B 


t damper Draft at fire 


i pressure and temperature Quantity of coal burned hes Greate! Less 
f heating surface Steam made per pound of coal ; Less ( ‘ 
on of combustion approximate) Horse-power produced. . Less wer 
tity of heat lost by radiation Heat lost to the chimneyv.... Greater l 
Percentage of heat lost by raciat t I 


I am in a measure disposed to agree with the remarks made by 
\lr. Barrus regarding the title of my paper; it would have been 
ore to the point if I had intimated therein that we had no method 
( testing boilers and are in need of one. 
In answer to Prof. Jacobus, it was not my intention to sug- 
st that the efficiency of a boiler be based on the amount of 
ieat it absorbs as computed from the temperature of the flue 
ises. My remarks in that connection were offered as intro- 
ductory illustrations. My suggestions were for certain stand- 
rds for the influencing conditions, namely, steam pressure, con- 
dition of combustion, and rate of evaporation per unit of boiler 
irface, the result to be computed by referring the heat supplied 
to the heat absorbed, as 
» _ Heat absorbed per pound of fuel burned 


‘~~ Heating value of one pound of fuel burned 


Pen CENT 
| 
{ B 1 B 
| 
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just what we do now, but which gives various incorrect results, 
due to variation in influences, other than of the boiler itself. 

Mr. Bouton is mistaken in considering that the diagram to 
which he refers offers any explanation of the performance of these 
boilers other than that which T have given. If he will study 
the matter he will see that this is so. 

Inasmuch as the valuable discussion of this paper has brought 
out important points which cannot have attention in these clos- 
ing remarks, I shall prepare another paper for presentation at 
the next meeting of the society. 
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LOCAL EXECUTIVE COMMITTEE. 


Wm. F. Marres, Chairman. 
Rurvs J. Foster, Chairman Local Finance Committee. 
A. B. Clemens, Secretary General Local Committee. 


The fifty-first meeting of the American Society of Mechanical 
:ngineers was appointed for the city of Scranton, Pa., by invita- 
tion of the members of the Society in that city, the Board of 
Trade of Scranton, and the Scranton Engineers’ Club. 

The opening session was called to order on the evening of 
Tuesday, June 6th, 1905, at half-past eight, by Mr. Wm. F. 
Mattes, Chairman of the Local Committee, who called attention 
‘o the fact that the Society had met in Scranton in October, 
sss, for its eighteenth meeting, and that now, after seventeen 
vears, he had again the honor of being chairman of the local 
committee of arrangements to welcome the visitors. 

In the unavoidable absence of Mayor Connell of the city, Col- 
onel F. L. Hitchcock of the Scranton Board of Trade presented 
to the Society the welcome on behalf of the citizens. Mr. E. M. 
Zehnder, President of the Scranton Engineers’ Club, presented 
the greetings and hospitality of a young and active engineering 
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organization to the visitors, and in fitting response President John 
Rt. Freeman replied on behalf of the Society. — President Freeman 
then took the chair and opened the session for the transaction of 
business. 

Invitations were read from the Scranton Club and from the 
general secretary of the Young Men’s Christian Association, in 
Whose auditorium the meetings were held. Professional papers 
were then taken up. Attention was called by the Secretary, in 
presenting the first paper, to the fact that by codperation of 
authors with the effort of the Secretary's office it had been pos- 
sible to comply fully with the provisions of the rules which called 
for the transmittal of the entire batch of papers to be read at 
any one meeting, from his office, thirty days in advance of the 
date set for the meeting itself. 

This possibility and practice had resulted not only in securing 
discussion in writing from members resident at considerable dis- 
tance, and even from across the Atlantic, but had also made it 
possible to have many of these written discussions set up in type 
and in form for distribution at the meeting, with the manifest 
advantages to all participants in debate and to the authors them- 
selves. 

The first two papers, by Mr. F. C. Wagner, ‘* The Transfer of 
Heat at High Temperatures,’’ and Mr. F. E. Matthews, ‘* Stand- 
ard Unit of Refrigeration,’’ received no discussion. 

The paper by Mr. Howard T. Barnes, which had been presented 
at one of the Jocal reunions in the City of New York during the 
winter, entitled ‘‘ Formation of Anchor Ice and Precise Temper 
ature Measurements,’’ was discussed by Messrs. Freeman and 
Mattes. 

The concluding paper of the session was that of Mr. Wm. © 
Webber, ‘‘Some Types of Centrifugal Pumps,’’ discussed 
Messrs. Freeman, Henshaw, Lewis, Mattes, Morse, Ray, Rearick. 
Rice, Suplee, Trump, Wilson, and Zohe. 

At the close of this discussion, after announcements by thi 
Secretary and invitations not included in the regular printed lis‘. 
a recess was taken until the following morning. 


Sroonp Session. Wrpnespay Mornine, June Tru, 10 


This session was the business session of the meeting. The 
Chairman called for the report of the Tellers of Election, whic! 
was read for record by the Secretary as follows: 


> 
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REPORT OF THE TELLERS OF ELECTION. 


The undersigned were appointed a committee of the council to 
act as tellers under by-laws 6, 7 and 8, to scrutinize and count the 
ballots cast for and against the candidates proposed for member- 
ship in their several grades in the American Society of Mechan- 
ical Engineers, and seeking election before the fifty-first meeting, 
Scranton, Pa., 105. 

They have met upon the designated days in the office of the 
Society, and have proceeded to the discharge of their duty. 
They would certify for formal insertion in the records of the 
Society, to the election of the following persons, whose names 
appear on the appended list in their several grades. 

There were 58! votes cast on the ballot ending March 15, 1905, 
of which 51 were thrown out on account of informalities. There 
were 657 votes cast on the ballot ending May 2%, 1905, of 
which 53 were thrown out because of informalities. The tellers 
have considered a ballot as informal which was not endorsed, or 
where the endorsement was made by a facsimile or other stamp. 

E, Luck, ) 
Abert Spies, Tellers of Election. 
Henri G. Cuararn, | 


ON THE 


FIRST BALLOT FOR MEMBERSHIP, 


APPROVED BY COUNCIL ON JANUARY 31, 1905 


Which Ballot closed March 15, 1905. 


MEMBERS. 


Abbott, C. C. Hall, F. B. Moore, F. C. 
Baker, D. G. Hubert, H. Moyer, H. C. 
Carlsson, C. A. V. Kahn, J. Prince, W. F. 
Clemens, C. W. Leach, W. H., Jr. Richards, F. W. 
Crocker, A. S. Montague, C. D. Robinson, J. R. 


Starr, J. E. Thullen, L. H. 
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PrRoMoTION TO FULL MEMBERSHIP. 


Cole, L. W. Jarecki, A. H. ° 
Earle, E. P. Peck, C. B. 
Funk, W. F. Quimby, W. E. 

Sayers, W. W. 


Braine, B. G. 
Bush, H. M. 
Cheney, H. W. 


ASSOCIATES. 


Clark, E. L. Price, M. 
Ostrander, A. E. Schneller, G. O. 


Stehlin, J. 
Willhofft, F. O. 


PROMOTION TO AssocIATE MEMBERSHIP. 


George, J. Z. 


JUNIORS. 


Alsberg, J. Earle, 8S. B. Hutchins, H. C. 


Barnes, C. B. 
Baylis, A. R. 
Been, P. H. 


Hamilton, T. 
Harrison, 5. 
Helvey, C. H. 


Kent, R. T. 
Northrup, F. B. 
Rauch, J. D. 


Brooks, P. R. 


All elected. 


Hirshfeld, C. F. 
Smith, E. B. 


Shiebler, M. 


Henri G. CHatarn, 
Cuaries E. Lucke. 


ON THE 
SECOND BALLOT FOR MEMBERSHIP, 
Approvep BY CounciL on 25, 1905, 


Which Ballot closed May 29, 1905. 


MEMBERS. 


Austin, W. F. 
Bailey, F. W. C. 
Baldwin, C. K. 
Bennett, G. L. 
Browning, C., Jr. 
Burleigh, C. B. 
Burleigh, W. F. 
Carroll, A. W. 
Coleman, E. P. 
Crabtree, F. H. 


Cummings, W. W. 


Dean, E. W. 
Dey, 


Gowie, W. 

Hart, F. 
Horton, 8. FE. 
Jackson, C. J. 
Jacobs, H. W. 
Johnson, P. F. 
Kunhardt, L. H. 
Long, J.C. 
Martin, F.S. 
Naylor, C. W. 


Nettleton, W. A. 


Ord, H.C. 
Parker, J.C. 


Williston, B. T. 


Zimmerman, O. B. 


Pingree, E. D. 
Rapley, F. H. 
Roper, N. B. 
Ruggles, W. B. 
Schlesinger, G. 
Sherrerd, J. M. 
Shipman, R. L. 
Town, F. E. 
Trinks, C. L. W. 
Tucker, F. S. 
Wait, H. H. 
Wells, G. A., Jr. 
Whiton, L. E. 


Bailey, T. 8. 
Barnard, W. N. 
Bird, J. D. 
Kicheverria, R. J. 


Berry, E. H. 
Bridge, J. W. 
Bronaugh, W. L. 


Allen, W. C. 
Austin, A. O. 
Bacon, C. a 
Barstow, F. L. 
Buckler, A. H. 
Chureh, H. B. 
Comly, G. N. 
Cooke, 8S. G. H. 
Cox, F. G. 
Cushman, A. W. 
lleming, W. M. 


Norris, J. H. 
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Girvin, J. 
Glanville, J. G. 
Hall, R. E. 
Herron, J. H. 


ASSOCIATES. 
Carrier, W. H. 
Einstein, A. C. 


Flinn, C. F. 


Schumaker, J. 5. 


ProMoTION TO ASSOCIATE. 


Van Valkenburgh, R. D. 


JUNIORS. 


Green, C. H. 
Griffiths, L. L. 
Hamilton, W. 
Haney, J. B. 
Horne, C. F. 
Jones, D. L. 
Keith, T. 

Lang, C. 
Lathrop, W. F. 
Lucas, H. Van Noye 
McGregor, A. G. 
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Promotion To FuLL MEMBERSHIP. 


Herschmann, A. J. 
Hinchman, T. H., Jr. 
Lindquist, W. 
Murray, H. H. 


Wilkinson, T. L. 


Jurgensen, J. C. 
Prince, J. W. 
Sanders, L. 


Marsh, T. A 
Murphy, 3. 
Murphy, FE. T. 
Murrie, J. L. 
Myers, C. C. 
Northrup, L. M. 
Owen, I. J. 
Palmer, V. M. 
Proctor, Jr. 
Smith, E. B. 
Weeks, P. 


Wheeler, S., Jr. Whipple, W. 


All elected. 


Cuares E. Lvexe. 


On behalf of the Council the Secretary presented an invitation 
‘rom the Technical Society of the Pacifie Coast and the Pacific 
Northwest Society of Engineers, that the members of the Society 
should be their guests in connection with the Pacitic Coast Engi- 
neering Congress to be held at Portland, Oregon, as a feature of 
‘the Lewis and Clark Exposition. The date set for the congress 
was June 29th—July 3rd, and an attractive list of papers by mem- 
bers of the home societies, by authors of the United States Recla- 
mation Service and others had been promised, together with 
excursions of special interest to the Dalles of the Columbia and 
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the Cascade Locks, and to the dam on the Columbia River, under 
construction by the Oregon Water Power and Railway Company. 

The Secretary reported that by direction of the council the 
courtesy of this invitation had been acknowledged, and that in- 
formation could be given any member desiring to participate 
in it. It was suggested that two members of the society be 
appointed by the President under the provisions of the by-laws, 
to represent the Society officially at this congress, and the matter 
was informally left to the President without resolution, under 
such provision. 

The chair called fora report from the sub-committee represent- 
ing the Society on the work intrusted with the details of the En- 
gineering Building for the accommodation of the Societies and 
other scientific organizations. Such report was presented by Mr. 
Charles Wallace Hunt as follows: 

Mr. Hunt.—At the December meeting of the Society a report 
of progress was made, and I presume the members of the Society 
are familiar with the statement then made. The committee has 
taken the view that the building is not alone for the three engi- 
neering societies who have its management; hence they have laid 
their plans so as to make it a convenient building to become a 
center for leading engineering societies of the United States. Con- 
sequently, the building proposed is to be larger than would be 
required for these three founder societies alone, the idea being 
to bring other engineering societies into the same building under 
the term of associate societies. Such societies are to pay a pro 
rata share of the expense of the maintenance of the building 
instead of being charged rent, which in other buildings would 
be done with the idea of making a profit. 

The uses of the building, being entirely new, required of the 
committee a great deal of work to bring the design within the 
financial limits, and to make it convenient in use. Each 
society has its own floor of offices arranged to suit the require- 
ments of its special work. In addition, there is on the second 
floor a main auditorium, and on the floor above smaller meeting 
rooms, ample in number and convenient in arrangement. The 
library is laid out on a broad plan, expecting that in time it will 
be the largest and most complete engineering library in the 
world. 

Twenty-six architects submitted plans for the building. The 
method for the selection of an architect was very carefully thought 
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out, and I believe the committee actually secured the best plan and 
the best architect available at the time. 

The main auditorium will seat 1,000 persons. On each side 
of the room there are corridors where members can converse when 
not interested in the meeting. There is to be a passageway in 
the rear of the platform, so that a person wishing to pass from one 
side of the platform to the other can do so without coming in view 
of the audience. 

The building is to be 100.x 90 feet in plan and 209 feet high. 
A space is left entirely around the building so that air and light 
will enter all the rooms. The bids for the construction of the 
building are to be opened on the 20th of the present month. As 
soon as the bids are opened and the contract awarded, an engraving 
of the building will be prepared and sent out to the members of 
the Society. 


The President thereupon made announcement that Mr. Chas. 
I]. Haswell, first Engineer-in-Chief of the United States Navy, 
and now in active practice of engineering, at the advanced 
age of ninety-six, had been elected to honorary membership in 
the Society. 

Mr. Haswell was the author of the first engineering pocket- 
book, and had been connected with all important matters in the 
early history of the United States Navy. Mr. Suplee in comment 
spoke of his having been able to secure at a second-hand book- 
store a copy of the first edition of this pocket-book, published in 
is47, and bearing on its title page in Mr. Haswell’s handwriting 
an inscription that it was presented by the author to his friend 
Captain John Ericsson. It was the purpose of Mr. Suplee to pre- 
sent this souvenir to the archives of the Society on his return to 
New York. 

The Secretary reported that the council at its meeting, June 
jth, had directed that the following action be reported to the 
ineeting for publication and record: 


Whereas, it has been suggested that in the summer of 1907 a Centennial 
\nniversary be celebrated to commemorate the culmination of the experiments 


STEAM NAVIGATION 


vhich center around the first voyage of Robert Fulton’s Clermont in 1807; and, 
Whereas, this Society of Mechanical Engineers is proud to recognize the 
sreat achievements in mechanical engineering as applied to marine propulsion, 
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which have marked the period since these modest beginnings of one hundred 
years ago; 

Resolved, that the Council approves the recommendation to hold such cele- 
bration of this centenary, and believes that such a commemoration will be both 
desirable and appropriate. 

Mr. Newell Sanders, on the call of the chair, presented on 
behalf of the industrial interests centering in the city of Chatta- 
nooga, Tenn., an invitation to all members to take part in the 
convention which had been ordered for the spring of 1906 in that 
city. He spoke of the historic attractions centering around the 
memories of the contests at Lookout Mountain and Chickamauga, 
and of the development of the industrial South, which he hoped 
the visit of the engineers would stimulate and encourage. 

No other new business being presented at this point, the meet- 
ing took up the discussion of professional papers as follows: 
‘** Microstructure and Frictional Characteristics in Bearing Met- 
als,”’ by Melvin Price; ‘* Cast Iron, Crushing Loads and Micro- 
structure,’? by Wm. J. Keep; ‘‘ Smoke and Its Abatement,’ by 
Chas. H. Benjamin. The participants in debate were Messrs. 
Balkwill, Barrus, Bement, Blauvelt, Brooks, Freeman, Hawkins, 


Herschmann, Hutton, Mann, Miner, Moss, Suplee, Swasey, and 
Taylor. 


Turrp Session. Wepnespay Eventne, June 


The papers of this evening were as follows: ‘‘Can a Steam 
Turbine be Started in an Emergency Quicker than a Reciprocat 
ing Engine of the Same Power,”? by A. 8S. Mann; ‘* Note on 
Efficiency of Steam-Generating Apparatus,’’ by A. Bement: 
‘** Performance of a Superheater,’’ by A. Bement; ‘* Counter 
weights for Large Engines,’ by D. S. Jacobus; ‘‘Steam 
Actuated Valve Gear,’? by Wm. H. Collier. The participant. 
in debate were Messrs. Baker, Ball, Barrus, Blauvelt, Bryant. 
Sushnell, Cary, Foster, Herschmann, Hutton, Kent, Moss, Rice. 
Rites, Smith, and Suplee. 


Fourtn Session. Tuurspay Mornine, June Sra. 


This session included the following papers: ‘* Note on Heads 0! 
Machine Screws,’’ by Hl. G. Reist; *‘ Belt Creep,’? by W. W 
Bird; ‘‘ Function of Laboratory Courses in the Curriculum © 


| 
i 
| 


SCRANTON MEETING. 451 


Engineering Schools,’’ by Chas. E. Lucke; ‘‘ Continuous Measur- 
ing and Mixing Machines,’’ by E. N. Trump; ‘‘ Epochsin Marine 
Engineering,’ by George W. Melville. Participants in debate 
were Messrs. Barrus, Bement, Burlingame, Diemer, Ennis, Haw- 
kins, Hutton, Jacobus, Mayo, Suplee, Whitehead, and Williston. 

At the conclusion of the papers the chair called for new busi- 
ness, and Mr. Sanders took occasion to repeat his invitation for 
the city of Chattanooga, reminding the members that in 1915 
would occur the semi-centennial anniversary of the close of the 
Civil War, and that it was the purpose of that city to arrange for 
a special exposition in commemoration, and that the Federal Gov- 
ernment proposed to erect a memorial arch to rival the arch of 
triumph at Paris. 

The Secretary, on behalf of the committee appointed to record 
resolutions of thanks for courtesies enjoyed by the visitors, pre- 
sented as the report of such a body the resolutions of thanks as 
follow: 


The American Society of Mechanical Engineers at the closing session of its 
fifty-first meeting held in the city of Scranton, desires to place upon its records 
its sincere thanks for the courtesies in many directions which have been enjoyed 
during its stay. The Society asks that behind the formal mold of preamble 
and resolutions, our hosts will see the earnest desire of the members to express 
what is in their hearts. 

Resolved, that the American Society of Mechanical Engineers extends its 
hearty thanks to the McClave-Brooks Co., and to Mr. William R. McClave, its 
General Manager, for the invitation to visit the works of that Company and 
inspect their special appliances adapted for the special conditions of the smaller 
fuels. 

Resolved, that the Society has thoroughly appreciated the privilege of a 
visit to the Pine Brook Breaker and to study the special problems presented 
by this important undertaking. 


It has been a great pleasure to the ladies of the American Society of Me- 
chanical Engineers that an opportunity should have been given to visit the 
Scranton Lace Curtain Co., and to study in detail the interesting and artistic 
produets of that Company. 

Resolved, that the thanks of the Society be and hereby are extended to the 
\\lotz Throwing Mill for the chance to inspect the interesting process for the 

iking of silk yarn for ribbon and other purposes. The Power plant of this 
--tablishment has been of special interest to the visitors. 


Among the members of the American Society of Mechanical Engineers are 
iny employers in widely differing lines. Probably in no other city in the 
sintry could so many men find an institution having such broad and pervasive 
terest as the visitors have found in the International Correspondence Schools. 
he visitors ask that the Trustees and management of this Institution, and 

‘hat Messrs. R, J. and T. J. Foster in particular, together with their gifted 
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and energetic staff of officers and co-workers, will receive the hearty thanks 
of the members of the Society for the opportunity to visit their surprising, 
complete and well-organized institution. They would ask that they may 
record their appreciative pleasure in the system by which their visit was organ- 
ized and conducted. The members believe that to a very great many persons 
the opportunity offered by the Correspondence School is a door to hope and 
opportunity, whose influence will last through many years and be of unpre- 
dictable good to an uncountable number. 

Resolved, that the American Society of Mechanical Engineers extends its 
hearty thanks to the management and officers of the Allis-Chalmers Works 
in Seranton for the courtesy of the invitation to visit the Scranton plant, and 
for that care taken that the visitors should see all points of mechanical interest 
at that point. It does not often happen that under one roof the mechanical 
visitors can study the transition from the slow-speed belt-driven machine tool 
to the high-speed electrically driven type, and the opportunity for this examina- 
tion was much appreciated. 

Resolved, that the American Society of Mechanical Engineers desires to place 
on record its sincere appreciation of the courtesy enjoyed at the hands of the 
D. L. & W. R. R., and its officers and management, for the invitation and privi- 
lege to visit their plant at Keyser Valley. Asanexample of advanced modern 
practice in arrangement, construction and interior detail, the Society is pleased 
to have an opportunity to express its pleasure in their study. The Society 
would include, besides the Car shops, the Boiler and Power plant, and the Water 
hoist at Hampton. 


Among the pleasantest memories of the attractive surroundings of Seranton 
will be the recollection of the visitors of the beauty of the line known as the 
Laurel Line of the L. & W. V. R. R. Co. The members ask that the manage- 
ment of that Company will receive the sincere thanks of the Society for the cour- 
tesy of the special train which took them for a visit to the Power house, and 
for the run over the viaducts and other interesting mechanical details of the 
alignment. 

Resolved, that the thanks of the Society be extended to the Wyoming Valley 
Traction Co. for the courtesy of special cars in Wilkes-Barre, and for the privi- 
lege and opportunity of visiting the Vulean Tron Works of South Wilkes-Barre, 
the Sheldon Axle Works in North Wilkes-Barre, and for the invitation from 
the Hazard Mfg. Co., which, the time of the visitors available in the press of 
other invitations, it has been impossible to accept. 


The Society requests his Honor, Mr. Kirkendall, Mayor of Wilkes-Barre, to 
accept the sincere appreciation of the visitors for the interest which he has 
evinced in their visit, and for the courtesies enjoyed at his end. 

Resolved, that the courtesy of the Lehigh & Wilkes-Barre Coal Co. is most 
heartily appreciated, and the tender of their invitation to visit their No. 5 Colliery 
in Wilkes-Barre. 

Resolved, that the American Society of Mechanical Engineers extends its 
hearty thanks to the Scranton Engineers Club, Mr. W. M. Marple, Past Presi 
dent, and Mr. E. M. Zehnder, President, for the courtesy of their invitation, by 
which members of the Society have been made guests of the Club during their 
stay in Scranton, and for the effective co-operation of the Club and its members 
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in carrying out the purposes of the meeting. The members have only to regret 
that the unusual interest attaching to the program of excursions has prevented 


the members from availing themselves of the proffered courtesy. 


The members and officers of the Society tender their hearty thanks to the 
Seranton Club for the visitors’ privilege offered by the President of the Club 
during the stay of the Engineers in Scranton. The days have been filled so 
full that opportunities for social relaxation have been scarcely possible. 

In addition to the attractive room furnished to the Society under a business 
arrangement with the Y. M.C. A. of Seranton, that body has, through its Secre- 
tury, put at the service of the visiting engineers the privileges of their building 
as enjoyed by members of the Association. For the tender of available rooms, 
for the use of the gymnasium, swimming-pool and other athletic facilities, the 
visitors extend their sincere thanks. 

The visiting ladies accompanying the members of the American Society of 
Mechanical Engineers have been greatly favored by the interested provisions 
which have been made for their pleasure and enjoyment. As the gentlemen 
of the Society have to be their mouthpiece in official action, the ladies ask 


that through the vote of the members their sincere thanks may be conveyed 
io Mrs. Chas. 8. Weston and her friends for the automobile ride around Lake 
Scranton and up Mt. Anonymous. They ask also that by this action the thanks 
of the ladies and the Society may also reach Mrs. L. A. Watres, to whose courtesy 
is due a most attractive experience during their stay. 

The ladies ask also that by this official vote of the Society a record may be 
made of their appreciation to Mrs. J. Benjamin Dimmick for the graceful hos- 
pitality of which she was the channel at her residence on Wednesday afternoon. 
It is one of the pleasantest elements of the visitors’ experience to be taken into 
the charming atmosphere of an American home when the Society is a guest of 
the professional interests of an industrial city. 

Resolved, that the thanks of the Society are cordially extended to the Board 
of Governors of the Bicycle Club of Scranton for the courtesy by which the Club 
House and its facilities have been put at the service of the Committee and the 
members for the most enjoyable reception on Thursday evening. The privilege 
of meeting the resident representatives of the city and the pleasure of the bril- 
liant evening have been much appreciated. 

Resolved, that the Scranton Street Railway Company and Mr. Wildt, its 
Mechanical Engineer, be asked to accept the sincere thanks of the Society for 
the courtesy of free special cars and other attentions in respect to transporta- 
tion for the members of the Society, and for the invitations to visit the Power 
House of the Company. 


Finally, the Society seeks by its closing resolution to convey to the members 
of the local committee, Mr. W. F. Mattes, Chairman, and to his associates, chair- 
men of the effective Sub-Committees, their sincere appreciation of the efforts 
of the Committee in arranging the program in securing the privilege of visit to 
works, mines, factories and institutions, and for the assiduous care by which 
the individual desires of the visiting members have been consulted and their 
convenience served. Where a successful undertaking has been the result 
of effective co-operation of many minds and hands, it is difficult to signalize 
individuals without danger of mistake. It is particularly, however, to Mr. 
A. B. Dunning, Chairman of the Excursion Committee, and his assistants, that 
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the smooth working of our several visits during the Seranton stay has been 
manifestly due. ‘To him, to his co-workers, and to all residents of Scranton 
who have co-operated with them, the Society is greatly indebted. ‘The meet- 
ing asks that Mr. Mattes and the local Committee will convey to the manage 
ment of the Consolidated Telephone Co. and the Pennsylvania Telephone Co. , 
the appreciation of the courtesy by which their lines have been brought into 
the headquarters of the Society in Seranton for the use of the officers and mem- 
bers during their stay. The members ask that any other courtesies, which, 
by reason of their inconspicuous character, the Society has not been able to 
emphasize, the local Committee will take upon itself to acknowledge, in the name 
of the Society. 

The visitors leave Scranton with regret that they must, in leaving, have 
missed so much of what the hospitality of our hosts would fain have placed in 
our way. They can only express the hope that when the meeting shall fall in 
their own city, the Engineers of Scranton will make it a point to attend such 
conventions in large numbers, that an opportunity may be given for the exercise 
of reciprocal courtesies. 


The resolutions above quoted report in some detail the provi 
sions for entertainment of the visitors in the matter of excursions. 

On Tuesday afternoon the visitors were escorted by the Excur- 
sion Committee to the plant of the MeClave-Brooks Company 
and the Pine Brook Breaker. 

On Wednesday the excursions included the International Cor- 
respondence Schools. 

On Friday the excursion was allotted for an all-day visit over 
the Lackawanna and Wyoming Valley third-rail tramway to 
Wilkes-Barre and included a visit to the power house. 

At Wilkes-Barre the members were entertained at luncheon b\ 
the local residents and welcomed by the Mayor of the city, the 
Hon. Mr. Kirkendall. 

After luncheon the excursion included the Vulean Iron Works. 
the No. 5 Colliery of the Lehigh and Wilkes-Barre Coal Com 
pany, the Hazard Manufacturing Company, and the Sheldon Axle 
Works. 

For the ladies of the party a most attractive special program 
was arranged on Wednesday, by which they visited under escor' 
the Scranton Lace Curtain Company and the Kolt Throwing 
Mill, and in the afternoon a most attractive reception was ten- 
dered at her residence by Mrs. J. Benjamin Dimmick. 

On Thursday morning the ladies were the guests of the loca! 
ladies for a drive in automobiles around Lake Scranton and Mt 
Anonymous, with the opportunity of seeing the attractive views 
on the road. 
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On Thursday evening the members and their ladies were guests 
of the Engineers’ Club, the Board of Trade and the citizens of 
Scranton, in the attractive club house of the Scranton Bicycle 
Club. The officers and the lady patronesses received the visitors, 
and music and dancing continued until a late hour. 


456 EPOCHS IN MARINE ENGINEERING. 


No. 1076.* 
EPOCHS IN MARINE ENGINEERING. 


BY GEORGE W. MELVILLE, REAR-ADMIRAL, U.8.N., RETIRED, PHILADELPHIA, PA. 


(Member of the Society.) 


1. To attempt to cover the history of marine engineering in a 
lecture which ought not to last much longer than an hour, would 
result in little more than a mere chronology and could not possibly 
be interesting. It seems much better, therefore, to give some 
consideration to the various periods or epochs in the history con- 
sidered with reference to the special inventions or changes which 
have characterized them. Many of these changes are clear ex 
amples of evolution and others are instances of the adaptation of 
land practice to marine use, but they all serve to show the con 
stant progress which has taken place. 


The Paddle Whee l. 


2. The first marine engineering in the modern sense was th: 
adaptation of the steam engine as already in familiar use on shore 
to a modification of the centuries old method of mercantile pro- 
pulsion, the oar. I believe some attempts were actually made to 
adapt the steam engine to a series of oars, which would have 
meant something like a mechanical trireme; but of course the 
trained mechanical sense soon saw that the collection of the oars 
in a revolving wheel was the correct solution. As oars had been 
used on both sides, so it was natural at first that the paddle wheels 
should be on both sides, a center wheel was also tried, but it is 
interesting to remark that practically about the same time thia' 
the sidewheels were used on the seaboard, the first marine engine 
was the shore engine modified to suit the circumstances, and thus 


*Presented at the monthly reunion in New York City in January, 1905, 
and at the Scranton meeting (June, 1905) of the American Society of Mechani- 
cal Engineers, and forming part of Volume XXVI. of the Zransactions. 
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on the seaboard the engine was designed and worked with what 
we now consider an exceedingly low pressure. On the western 
rivers where the change has been made in the location of the 
wheel, there was also the additional change of dispensing with 
the condenser and using very much higher pressures. It was 
doubtless due to this fact—that the first non-condensing engines 
really carried a very high pressure—that the term “ high press- 
ure” in the early days meant non-condensing. ‘The reason for 
the difference is of course very clear; the western rivers are very 
shallow and it was necessary to make the machinery as light as 
possible ; on the seaboard and the rivers of that section there was 
deep water and the vessels had displacement enough to permit of 
heavy machinery. 

3. Ordinarily the history of this olden time could have only an 
antiquarian interest for us, but we are unusually fortunate in 
still having with us in the active practice of his profession an en- 
gineer who saw the first commerciallly successful steamboat, the 
“Clermont,” so that through our “ grand old man of engineer- 
ing,’ Mr. Charles Hf. Haswell, we still have a living connection 
with that earlier time. One of my former assistants some years 
ago contributed a series of articles to one of the engineering maga- 
zines and has given some data as to the performance of the Fut- 
ToN, the first American steam man-of-war, whose machinery was 
designed by Mr. Haswell, who was also her first chief engineer. 
An extract from the “ Fulton’s” steam log for January, 1838, 
shows that the maximum steam pressure was eleven pounds, the 
vacuum twenty-four inches and the maximum revolutions per 
minute eighteen. 


The Screw Prope ller. 


4. As time passed on and experience was gained, there was 
naturally an improvement in workmanship and design and a mod- 
erate increase in steam pressure, but about 1836 the screw pro- 
peller was brought forward for driving large vessels. This was 
not the first application of the screw propeller, which had been 
used successfully on a small steamer or launch about 68 feet long 
as early as 1804 by Col. John Stevens, the grandfather of Col. 
Edwin A. Stevens, who is now so active in marine work, and the 
father of Robert L. Stevens, who was the most famous of the name 
for his work in connection with marine engineering. It is to be 
noted that this date is prior to that of the building of the “Fulton,” 
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but naturally, in the first steam war vessel, it was not considered 
desirable to do anything of an experimental nature, a condition 


which was obtained to some extent ever since and probably always 


will. It was about ten years later that the propeller began to 
come into general use and entirely displaced the paddle wheel for 
ocean-going steamers. The reason for this change is easy to see 
on a little consideration. On a long ocean voyage the change in 
displacement is due almost entirely to the consumption of fuel. 
In the case of the propeller this makes practically no difference 
in its immersion or in its efficiency, while in the case of the paddle 
wheel the immersion of the floats would be changed, with a dim- 
inution of efficiency. Further than this, the paddle box offered 
very great resistance to strong head winds and also brought severe 
stresses on the ship, due to rolling in heavy seas, the propeller 
not being affected by either of these last two causes. To-day for 
work in deep water, the screw, of course, is the only propeller; 
but for river work, particularly in shallow rivers, the paddle whee! 
is still used. Efforts have been made, and some of them exceed 
ingly ingenious, to adapt the propeller to use in shallow water, 
and a certain amount of success has attended the efforts of such 
brilliant engineers as Yarrow and Thornyeroft, not to mention 
our own Mr. Charles Ward, who has done some work in this con 
nection. The fact remains, however, that damage by sand bars, 
snags, ete., may easily render screw machinery inoperative, whil 
as expressed by an engineer who had designed many western river 
boats, “any wood butcher can repair a stern wheel.” 

5. Probably fully as much has been done to improve the design 
of propellers, as time has gone on, as any other part of marin: 
machinery. In the early days the rules for propeller design were 
exceedingly crude, but with the slow engine speeds which then 
obtained the effects were not noticeable. As engine speeds in- 
creased, however, it was seen that these old rules were utterly 
inadmissible. There is no good exeuse, however, for progress hav- 
ing been so long delayed, for the designs still remained too crud: 
even after Isherwood’s famous Mare Island experiments in 186s. 
Probably one of the great troubles with screw propeller design 
at the beginning was the mistake made in considering the action 
of the screw as analogous to that of a bolt working in a nut, from 
which it was inferred that the smaller the slip the greater thc 
efficiency. As a matter of fact, a screw propeller is really a pump 
for driving a mass of water astern, the reaction from which drives 
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the vessel ahead. When this had once been realized, it was seen 
that there must be a certain amount of slip and that under proper 
conditions there could be a relatively large slip and still high 
efficiency, 

6. Multiple screws were used as early as our Civil War on some 
vessels known as “ tin-clads” on the Mississippi, their adoption 
being necessitated by the shallow draught. ‘Twin screws were 
first used in war vessels where the necessity for keeping the ma- 
chinery below the deck would not allow of all the power being 
conveniently used on a single shaft, but the great advantage they 
possess of security against total disablement and for aneuveriIng 
soon made them the rule for all naval vessels large enough to ad- 
mit of them. They were much longer in coming in the merchant 
service where the limitations on naval machinery do not obtain; 
but since the era of the very large trans-atlantic steamers begin- 
ning with the “ Paris” and “ New York” and the “* Teutonic ” 
and ‘ Majestic °—all very large vessels have been built with 
twin screws. 

7. In the navies of France and Germany, the triple serews have 
been used to a considerable extent and | used them myself in our 
own fast cruisers Columbia ” and Minneapolis.” My own be- 
lief is that they have decided merit for vessels using about 10,000 
llorse-power. This view, however, was not shared by my Board 
colleagues in the Navy Department, so that their marked success 


in the two vessels named was not allowed to be repeated in later 


designs, 


8. With the advent of the steam turbine as a prime mover in 
ships multiple screws have again come to the front, this time on 
account of the extremely high speed of rotation of the shafts. 
The “ Turbinia,” the first vessel of this kind, had three shafts 
with three propellers on each; and the destroyers “ Viper” and 
“ Cobra ” had four shafts with two propellers on each. The mer- 
chant vessels, beginning with the “ King Edward,” have been 
titted with three shafts. 

%. Before leaving the propeller, 1 may mention, in connection 
with the improvements in its design, the care that is now taken to 
avoid needless friction by making the hub spherical with a conical 
tail-piece, and by putting covering plates over the bolts, securing 
the plates to the hub so as to continue the outline of the sphere 
or conoid. 
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The Surface Condenser. 

10. Up to about 1860 the jet condenser was the one usually 
employed on board ship, which meant, of course, that the boilers 
were constantly fed with salt water; and this, in turn, meant the 
deposition of great quantities of sulphate of lime seale on the 
heating surface. With the low pressures then prevalent this did 
not greatly affect the economy of the boilers, except that, as 
“ blowing off’ to keep the density of the water down was a con- 
tinuous practice, there was a certain loss of heat, and of course 
there was the necessity for frequent sealing of the heating sur- 
faces. However, they were effectually protected against corrosion. 
About 1860 the use of surface condensation became general, and 
as this greatly reduced the amount of scale formed, it was prac- 
ticable and safe to increase steam pressures, which accordingly 
resulted with a consequent reduction in the weight of machinery 
per unit of power. 

11. An accompaniment of the introduction of surface condensa- 
tion, which was at first supposed to be a result of it but which as 
a matter of fact was not, was a tremendous increase in the cor- 
rosion of the boilers and shortening of their life. This was es- 
pecially noticeable in the tubes which, as the thinnest part of the 
boilers, give out first. All sorts of theories were advanced to 
account for it, some of which we can now see to have been utterly 
ridiculous. Probably one of the most fanciful was that which 
regarded the boiler and condenser as forming a gigantic galvanic 
battery, the copper condenser tubes forming one pole and the 
boiler the other. The real facts were developed as a result of 
the investigation by the Admiralty Committee on boilers in the 
70’s, which showed that boiler corrosion was simply rusting and 
had been due to gross but unintentional neglect. 

It had been a very common practice, particularly in naval boil- 
ers, when they were not in use, to blow ont the water and take 
off the manhole plates “to let them air.” It was this “ airing” 
which caused the corrosion. Now when boilers are laid up, they 
are filled with water which is made slightly alkaline, and this 
effectually prevents corrosion. 


The Cylindrical Boiler. 


12. The early boilers in sea-going vessels were of what has 
been called the “ box ” type; that is, the boiler was a eubical box 
with a thin shell, the real strength being given by braces running 
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in three directions. When surface condensation had made higher 
pressures possible, it was soon found that the multiplicity of 
braces, as pressures were increased, made an impossible condition 
of affairs, and this led to the design of the cylindrical boiler whose 
shell was self-bracing and left the only braces, those needed for 
the heads and flat surfaces. This boiler so thoroughly met the 
conditions arising that it has remained the favorite even up to 
the present day. At one time an effort was made to save room 
by making the boiler elliptical, but this was soon found to be un- 
satisfactory and impracticable and was abandoned after only a 
few examples. 

13. The earliest cylindrical boilers were single-ended with two 
furnaces, but with the advent of reliable mild steel the diameters 
were increased and the boiler was made double ended, with upper 
ends rounded to save bracing, so that the largest cylindrical boilers 


to-day have as many as eight furnaces, four in each end in pairs; 


that is, the two furnaces at each end on the same side of a ver- 
tical diameter have a common combustion chamber. The saving 
in weight due to the double ended boiler is evident at onee and 
also the reduction in the feeding apparatus required. 

14. Notwithstanding the advent of the water tube boiler, which 
will be mentioned further on, and its practical preémption of 
naval practice, the cylindrical boiler still remains the favorite for 
the merchant service and has been used for pressures as high as 
220 pounds, even in the largest sizes on such vessels as the “ Kaiser 
Wilhelm.” The highest recorded pressure is 255 pounds on the 
* Inchdune.” 


The Compound Engine. 


15. From a very early period steam has been used expansively 
in marine engines, and indeed sometimes to a ridiculous extent. 
Some engineers as late as the Civil War hardly seemed to realize 
that there was any limit to expansion, although Isherwood’s fa- 
mous experiments on the.“ Michigan ” in 1861 had demonstrated 
conclusively that, with low pressures, only a very moderate expan- 
sion is permissible, beyond which any further expansion is attended 
by an economic loss. As pressures increased it was natural and 
correct that a higher range of expansion should be used, and this 
made practicable the compound engine, where the expansion oc- 
curs in two stages, the high pressure steam from the boiler being 
limited to a small cylinder from which, in turn, the steam of 
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lower pressure is exhausted to a larger cylinder. As you all know, 
the compound engine was invented almost as early as Watt’s sep- 
arate condenser, Hornblower’s patent dating back to 1771, and 
Wolff's patent for a two-cylinder engine dating back to 1804. 
With the low pressures prevalent at that time the compound en- 
gine was actually at a disadvantage compared with the simple one. 
When pressures had gotten up to about 60 pounds, however, the 
compound engine began to assert itself, the pioneer in that respect 
being John Elder, of the firm of Randolph & Elder, which is 
now known as the Fairfield Engine Works. It is interesting to 
note that the Allan Line of steamers, which is now the pioneer 
in introducing the steam turbine for an ocean-going steamer, made 
the last scientifie stand against the compound engine, going so 
far as to take duplicate vessels, and engine one with compound 
and the other with simple engines of the same power. The actual 
experience with these two vessels where the simple engine with 
the high ratio of expansion was constantly in trouble from break- 
ing down, was a convincing proof that high ratios of expansion 
in a single cylinder was impracticable. 

16. With the improved workmanship which had come by this 
time and with the improvement in materials, to which we shall 
refer in a moment, which came later, the compound engine ad- 
vanced to a high state of perfection and for large powers the 
three cylinder type, with one high pressure and two low pressure 
cylinders, became a favorite for all large vessels. These engines 
were probably as fine specimens of marine engine designing as 
have ever been seen, and included some exceedingly ingenious 
valve gears designed to secure variable expansion and an equaliza- 
tion of work among the various cylinders. As we shall see later, 
the further advance relegated these beautiful mechanisms to the 
engineering museum. 


The Advent of Mild Steel. 


17. It is probably difficult for the young men in our technical 
schools of to-day who are familiar almost entirely with mild steel 
and very little with wrought iron, to realize what a change came 
in engineering when the production of mild steel became a com- 
mercially reliable matter. When we look back at the way in 
which some of the vital elements of a big marine engine was made, 
we are almost inclined to wonder that the material was reliable at 
all. The difference between a large wrought iron shaft such as 
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old Hughey Dougherty used to make at the Morgan Iron Works, 
and one of the mild steel shafts made at Bethlehem, is as great as 
could be imagined. Nearly the same is true of boiler plates. The 
young engineer of to-day would hardly know what was meant by 
a lamination or a “ cold shut.” The very method of manufacture 
made it necessary to use a large factor of safety in designing, 
with the result that the working stresses permissible were very 
low and the weight of machinery inordinately high. With the 
advent of mild steel and the introduction of careful and system- 
atic testing, the designer had a material on which he could place 
absolute reliance so that the factor of safety could be greatly re- 
duced. As a matter of fact the factor of safety has been reduced 
from 8 or 10 to 5, and sometimes as low as 4.5. 

18. In looking back over my own experience, I do not see how 
we could possibly have built engines of the size and power now 
common with wrought iron for piston and connecting rods and 
shafting, and it is, of course, absolutely certain that we could not 
have built cylindrical boilers of to-day. The change began in the 
later 70’s and had become almost complete by the middle of the 
80's. 

19. We must not fail to notice in the change to steel the use of 
steel castings, which have displaced cast iron in many places with 
attendant great reduction in weight. The first use of steel cast- 
ings was attended with considerable annoyance because it was un- 
fortunately assumed, perhaps naturally, that, barring the much 
greater shrinkage, it could be treated very much the same as cast 
iron, and it was consequently asserted with confidence that any- 
thing which had been made in cast iron could be made in east 
steel. That is doubtless true to-day, but it certainly was not true 
ten or fifteen years ago, as I know to my personal sorrow, because 
designs which would have been considered simple in cast iron had 
to be entirely changed to meet the conditions then existing for 
steel castings. 

20. It may be well to mention in this connection that about the 
same time that steel came into use displacing wrought iron, white 
metal for bearings and the stronger bronzes also came into use, 
thus giving the designer much better materials to work with and 
again reducing weights. 

21. We may also mention here the gradual displacement of 
copper for steam piping by steel pipes, owing to the fact that for 

the high pressures common at present copper pipes would have 
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to be very thick, making it difficult to secure a sound joint, and 
also to the serious diminution of the strength of copper by the 
high temperature. 


Forced Draft. 


22. Foreed draft dates back of course to Stevens’ Rocket, and 
its first use for marine purposes was by Mr. Robert L. Stevens 
on the Hudson River steamers in our own country prior to the 
Civil War. During that war Mr. Isherwood built a number of 
gunboats which used forced draft, but it had fallen into disuse 
until about 1882 for naval vessels, when it was introduced into 
the English navy and still later was applied in the merchant 
service. 

23. In naval machinery forced draft has been of the greatest 
possible importance, because it has reduced boiler weights prob- 
ably almost one-half. In the navy the natural limitations as to 
space and weight prevent the use of forced draft with very much 
economy of fuel. It is obvious that if the rate of combustion is 
increased from 15 pounds of coal per square foot of grate to 40 
pounds, there ought to be an attendant increase of heating surface. 
In the merchant service, or at least in certain classes of vessels 
in that service, it is possible to do this, and in one of my annual 
reports | made a comparison between the boilers of a merchant 
vessel called the “ Iona” and those of the “ Baltimore.” In the 
*Tona” there were 75 feet of heating surface for 1 grate, while 
in the “ Baltimore ” the ratio was about 30 to 1; but had the 
“ Baltimore’s” boilers been designed with any such ratio, their 
weight would have been almost double the weight of all the ma- 
chinery of that vessel as actually built. 

24. Mr. James Howden has made a speciality of forced draft 
under economical conditions, heating the air before admission to 
the ash-pit; and his system is now in use on most of the large 
steamers, the aggregate horse-power running up, I believe, to over 
a million. 


High Engine Speed. 


25. About the same time as the reintroduction of forced draft 
in naval vessels, the improved materials and workmanship made 
it possible to get higher rotational speeds, and, as remarked ear- 
lier, the true conditions of propeller design being understood, 
there was a marked increase in the speed of rotation of the en- 
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gines. Naval vessels, from the necessary limitation of keeping 
the vital parts of the machinery protected as far as possible, have 
always run faster than the engines of the merchant service, al- 
though this did not always mean that their piston speed was 
greater. The mistake is sometimes made of attributing lighter 
machinery to higher piston speeds, but unless this is accomplished 
by increasing the number of revolutions it will not produce that 
effect. In the early days, 60 or 70 revolutions per minute for 
what was then considered a large engine of 4,000 or 5,000 horse- 
power, was about the limit, but in engines of as much as 8,000 
horse-power for a single set one finds the revolutions to-day as 
high as 130. Of course it is not practicable to show to just what 
extent any one line of progress has reduced weights by comparing 
the machinery at periods wide apart, because the increase of steam 
pressure, increased rotational speeds, improved materials and bet- 
ter designing have all gone along together—but it is interesting 
to note that in the “* Warrior” of 1861, with 22 pounds boiler press- 
ure and 54 revolutions, the horse-power per ton of machinery 
was 6, while in the * Minneapolis” of 1891, with 165 pounds press- 
ure and 133 revolutions, the horse-power per ton is 10.9. From a 
simple mechanical standpoint, contributing agencies to the high 
speeds are the much more perfect journals of the steel shafts and 
the superior white metals used for bearings, and the rigidity of 
the steel hull of the ship, as compared with the older conditions. 
The best makers now grind their bearings true to a mandrel which 
represents perfect alignment. In the old days all main shaft bear- 
ings were hollow for water circulation, which was generally 
needed, and there was usually provision for a spray of water on 
the crank pins. In the modern engines which have been well 
built and are carefully adjusted, there is no necessity for water 
even at very high speeds under full power. 


The Multiple Expansion Engine. 


26. The change from the simple to the compound engine in- 
volved a certain amount of difficulty and opposition, but the les- 
son was then learned pretty thoroughly that the amount of ex- 
pansion in a single eylinder was moderate. Consequently as 
steam pressures rose the leaders of the profession became con- 
vineced that to secure adequate economy a further stage of ex- 
pansion was necessary, and this brought about the triple expan- 
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sion engine, the credit for which is deservedly given to Dr. A. C. 
Kirk, of the firm of R. Napier & Sons, of Glasgow, who first 
successfully used the triple expansion engine on the steamer “ Aber- 
deen.” The adoption of the triple expansion engine was alinost 
immediate, and, after the success of the “ Aberdeen ” was demon- 
strated, all new engines of any size were built on that principle. 
It seemed a logical extension of this idea that with still further 
increase of pressure there should be the quadruple expansion en- 
gine, and a number of these have been built; but the advantage 
as compared with the triple expansion engine up to the point be- 
yond which pressures have thus far not gone, does not seem to 
be clearly demonstrated, and a great many designers are adhering 
to the triple expansion engine with four cylinders, one high, one 
intermediate, and two low pressures. 


Water Tube Boilers. 


27. Like so many other details not only in marine engineering 
but in other lines of work, features which are introduced in a 
practical way in recent times are found to have a comparatively 
ancient origin. This is true of the water tube boiler, which in 
its recent use dates from about 1880. The excavations at Pom- 
peii have shown small boilers almost identical in construction with 
some of the best of our water tube boilers, although they were 
doubtless only used for a circulation of hot water. 

28. The object of the water tube boiler is to reduce weights, 
give greater safety against explosion, greater rapidity of raising 
steam, and an increase of economy in the generation of steam. 
The various makes of water tube boilers are too numerous to men- 
tion, but they divide themselves into two broad, general classes ; 
those with straight tubes of large diameter, say four inches; and 
those with curved tubes of small diameter, from an inch to an 
inch and a half. Probably no single boiler possesses all the mer- 
its which a perfect water tube boiler should have, and in nearly 
every case the attempt to secure certain advantages brings atten- 
dant disadvantages, and vice versa. The large straight tube boil- 
ers are not so light as the ones with small tubes; and it is more 
difficult to secure adequate economy, which is dependent large) 
upon skillful baffling. They do not permit of such rapid raising 
of steam from cold water as the smaller tube boilers. Because, 
like the Scotch boiler, they carry a large reserve supply of water 
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in the boiler after the manner of the Babcock & Wilcox boiler. 
On the other hand, they permit the replacement of a defective 
tube and of the cleaning of a tube much more readily than the 
tubes which are bent. Likewise it is only necessary to carry one 
size of spare tubes, while the bent tube boilers require several 
sizes and shapes. 

29. As far as safety against explosion is concerned, there can 
be no doubt that there is less danger of an actual disaster affect- 
ing the whole ship—although the worst accident which we ever 
had with a boiler in my naval experience was in connection with a 
water tube boiler on a torpedo boat, where all the crew of a fire 
room were scalded to death. Nevertheless, the boiler itself did 
not explode and was quite easily repaired. On the other hand, 
a few years before this a locomotive boiler on a torpedo boat in 
Germany exploded through the collapse of the crown sheet due to 
low water, and not only killed all the people in the fire room, but 
tore up the decks and utterly ruined the boiler itself. In this 
connection it is a cause of sincere congratulation that since the 
explosion of the “‘Thunderer’s” boilers in the English navy many 
vears ago, there is, I believe, no record of the explosion of a large, 
well built marine boiler. For naval purposes where weight is 
such a great consideration, the water tube boiler commended itself 
at once, and it has now become the established practice in all 
navies to use only water tube boilers in new ships. Our English 
friends had some trouble with the Belleville boiler, but this seems 
to have been due to some extent to lack of familiarity with it, 
and other legitimate reasons. In the merchant service where 
weight is not so precious, the water tube boiler has not thus far 
so thoroughly commended itself to designers; and, as remarked 
varlier, all of the latest large vessels are still using cylindrical 
boilers. Some of the reasons for the hesitation to adopt water 
tube boilers are that, of necessity, an installation of large power 
means a very large number of boilers, because the water tube 
boiler does not admit of single units of great power comparable 
with the large double-ended cylindrical boilers. This means an 
immensely greater complication in the way of piping, valves, fit- 
tings, feed pumps, ete. Moreover, owing to the small amount of 
contained water, which is very desirable in so far as weight is con- 
cerned, the water tube boiler is very sensitive as regards steam 
pressure and water level, requiring very much more care and 
attention than the cylindrical with its immense amount of con- 


= 
3 
q 
‘ 


468 PPOCHS IN MARINE ENGINEERING. 


tained water. It seems to me not impracticable that the able men 
who are engaged in the study of this question will finally sueceed 
in developing a type of water tube boiler which will commend 
itself for use in the merchant service as well as in the navy. Some 
of the boilers fitted in the United States naval ships had but six 
minutes of water endurance after the pumps stopped working, 
while one of those, the Babeock & Wilcox, adapted to our naval 
use has as much as twenty-five minutes endurance, which is a 
close approximation to the Scotch boiler. 


Auviliaries. 


30. In the early steamers, almost the only independent steam 
auxiliary was a single pump which could be used for feeding the 
boilers while under banked fires or with the engine stopped, and 
for pumping the bilge. The other pumps were attached to 
the main engine. Such things as steam capstans, and winches, 
steam steering gear, distilling apparatus, evaporators, forced draft 
blowers and electric light engines, were not dreamed of. As 
time went on and the size of vessels increased, steam capstans and 
winches and steam steering engines came in. Then it began to be 
found desirable, particularly for naval engines, to remove all the 
pumps from the main engine, leaving it nothing to do but turn 
the propeller, and this brought about independent air and cireu- 
lating pumps and feed pumps. Further progress introduced the 
distiller and evaporator, the forced draft blowers and the electric 
light engine. 

31. Most of these auxiliaries, from the nature of the case, are 
driven by simple engines, the pumps usually being for very slow 
piston speed and without expansion. The result is that the econ- 
omy of these auxiliaries is naturally very low, and for some years 
past it has been the aim of designers to do something to either 
make the auxiliaries themselves more economical or at least util- 
ize the heat in the exhaust steam. In some eases it has been 
arranged to have the auxiliaries in the engine room take their 
steam from the first receiver and exhaust into the second, thus, 
in effect, making all their cylinders part of the intermediate 
cylinder, as far as the steam cycle is concerned, with its atten- 
dant economy. I remember one of my former associates telling 
of how he had actually tried this on his ship with a saving of 
some six tons of coal a day, for machinery which was then work- 
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ing at about 8,000 horse-power. In the case of the feed pumps, 
arrangements have been made to turn the exhaust steam into the 
suction pipe, thereby having this heat carried back into the boiler, 
but this has not been done to any very great extent. Another 
plan has been to turn the exhaust from all the auxiliaries into a 
feed water heater through which the main feed to the boilers 
would go, and this has been attended by very good results. 

32. The question has been raised repeatedly by electrical en- 
gineers that it would be a good plan to drive the auxiliaries by 
electric motors, on account of their very high efficiency even at 
fractional loads. For the engine room auxiliaries and the boiler 
feed pumps it seems to me that this is unreasonable, for it means 
increased complication and certainly an increase in weight; and 
it has never been shown to my satisfaction that there would be 
any material increase in economy, owing to the fact that the 
dynamos as usually supplied on board ship are not large enough 
to have very economical engines, and from the fact that there 
are so many machines each with an efficiency less than unity in 
the circuit between the boiler and the final pump. 

33. There are some auxiliaries on board ship, however, where 
it would seem motors could be used to advantage, notably for 
driving the forced draft blowers. From the necessities of the 
case there are usually stowed in hot and rather inaccessible places 
and it is difficult to keep the engines in good adjustment. It 
hardly seems to me, however, that direct current motors are 
well adapted to this service, as they would have to be of the 
enclosed or dust-proof type, which reduces their heat carrying 
capacity, and as they have to go in places where the heat is 
already very great. If alternating current machinery were in- 
stalled, it seems to me that the induction motor with its extreme 
simplicity and ability to withstand very hard usage would be 
especially adapted to this work. 

34. It is doubtless known to all of you that in the modern ships 
the turret turning is done by electric motors. While this is an 
engineering matter, on board ship it comes within the perview 
of the ordnance officer, and therefore I have not dwelt upon it. 
The anchor capstan and steering engine should be electrically 
driven, but because of peculiar conditions existing in the navy 
this has not been done. 
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The Steam Turbine. 


35. The latest note of progress in marine engineering seems 
to be the advent of the steam turbine, which for some purposes 
has passed the experimental stage, and has given great satisfac- 
tion. As already mentioned, a number of small vessels of the 
torpedo boat class have been built with steam turbines, and this 
has been followed up by their use in a number of excursion 
steamers and cross channel steamers between England and France 
and England and Ireland. The Allan line of steamers have also 
decided to equip a large new steamer with turbines, and, as we 
all know from the technical press, the Cunard Company have 
had a very able committee considering the question of their adop- 
tion for the two new flyers which that company is to build—as a 
result of which they have decided to use turbines in them. 

36. The turbine has had an extended use in the last four or 
five years on shore for driving electric generators, and this has 
been so satisfactory that the pioneer work of the Westinghouse 
Company in this country has been followed by the General Elee- 
tric Company, the Allis-Chalmers Company and a number of 
other engine builders, who seem to have reached the conclusion 
that for large powers at least the turbine is quite sure to super- 
sede the reciprocating engine. 

37. For constant speed at its rated load the turbine is very 
economical, comparing in this respect with the most economical 
reciprocating engines, and its economy does not fall off so rapidly 
with the decrease of load at constant speed as is the case with 
the reciprocating engine. 

38. For marine purposes two questions have bothered those 
who were seeking information, one, the question of reversal, and 
the other, that of economy, where not only the power but the 
speed is reduced, as is, of course, necessary in the propulsion of 
vessels. With respect to the former, different methods have been 
suggested and tried in different cases. In some instances Mr. 
Parsons has used separate reciprocating engines which are nor- 
mally idle. In others, and this appears to be in his latest prac- 
tice, there are reversing turbines inside the exhaust passage of 
the ahead turbines, so that while the ship is going ahead these 
turbines revolve idly, after the manner of a fly-wheel, in an ex- 
cellent vacuum. When the ship is to be reversed, steam is ad- 
mitted direct to these turbines and secures the reversal. 


| 
FF 
be 
id 
| 


EPOCHS IN MARINE ENGINEERING. 471 


39. With respect to economy, there is, of course, a marked 
falling off from that at full power, but not more so than in the 
case of reciprocating engines. It seems hopeless to expect that 
any machine will work with the same economy at one-tenth power 
that it does at full power, and it would be unreasonable to expect 
the turbine to do this when the reciprocating engine does not. 

40. The advantages of the turbine are, the entire absence of 


reciprocating parts, of bearings to be adjusted and the extreme 
simplicity of operation, together with the great reduction in 
weight due to the very high speed. Added to this is the entire 
freedom from danger due to priming of the boilers, the only 


result being a slowing down of the turbine and reduction of econ- 
omy. There is also freedom from lubricating oil getting into 
the boilers. 

41. Propeller design with the turbine is more difficult than 
with the reciprocating engine, because the conditions are entirely 
different from those which have hitherto obtained, and there is 
so little experience with propellers running at speeds of over 
1,000 revolutions a minute in the ease of small ships, or at 500 
to 750 in the case of large ones. The Cunarders propellers, it is 
understood, are to be limited to 180 revolutions per minute. 
For it must be remarked that in spite of the fact that we now 
have very clear and logical rules for the design of propellers 
under existing circumstances logically worked out, nevertheless 
these rules and formule came after the experience rather than 
before. This matter, however, can undoubtedly be cared for, and 
when more experience has been gained the design of propellers 
will be as easy for existing conditions. 

42. For naval vessels from a military standpoint the turbine 
has a great deal to commend it, inasmuch as the machinery will 
stow very well in the ship and be out of harm’s way, the pro- 
pellers are so small and so well immersed that there is no chance 
for racing even in the heaviest seas, and all questions of vibration 
are eliminated. As already mentioned, the saving in weight is 
also a matter of decided value, if it can be done. 


Conclusion. 


43. We have now considered very hastily the important epochs 
in the history of marine engineering, and it will be seen that they 
indicate steady progress along certain lines. There has been a 
steady increase of steam pressure, increase of rotational speed 
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and diminution of weight, accompanied by increased economy in 
the making and using of steam. If time had permitted it would 
have been very interesting to compare such a vessel as the “Creat 
Kastern,” which for so long a time was the criterion of immense 
size, with the *Celtie” and “Cedric,” which are even larger than 
she was. The “Great Eastern” was simply about thirty vears ahead 
of her time. She was a remarkable production and a great credit 
to her designers in every way, but she was a commercial failure, 
because marine engine manufacture had not yet reached the point 
where such a huge vessel could be operated profitably. She ear- 
ried more than twice as much coal as one of these present day 
vessels, which easily makes the same speed with machinery weigh- 
ing probably not more than one-third of what her’s did. 

44. The economy of the marine engine, or of the turbine if it 
displaces the engine, has reached a point which does not leave 
much room for improvement in materials and workmanship. Yet 
it will be unreasonable to believe that we have reached finality, 
for it is likely that there have been numerous periods in the past 
when the designers of those days could not see what the next step 
in advance would be, and so far as their knowledge went their 
design was nearly perfect. Of course there was certainly plenty 
of margin for increased economy with them from which we are 
barred, but I have no doubt that if I could live to be as old as 
Mr. Haswell I should see some decided improvements in the 
course of the next thirty years. 


DISCUSSION, 


Mr. John T. Hawkins. —While denominating what follows as 
a discussion of the above-named paper, it is really more supple- 
mentary to than a discussion of it. Having been contempora- 
neous with Admiral Melville in the U.S. Navy up to the date of 
resignation in 186%, and of the same class or date as the Admiral 
in entering the service—July 20th, 1861—the writer has natu- 
rally been in touch with much of what he has so felicitously given 
us in his paper; and particularly in connection with that epochal 
feature in marine engineering, the advances made in our time 
which involve the question of the use of steam expansively. 

With reference, then, more particularly to paragraph 15 of 
the paper: ‘‘ The Compound Engine,”’ it is hoped to add some- 
thing of interest in that connection, as prompted by some experi- 
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ences during the Civil War, in illustration of what has really 
been the most far reaching and epoch making feature in marine 
engineering advance during the past half century. 

It is a far cry from the days of the side-wheel river steamer 
with its Stevens cut-off, admitting steam of about 25 pounds 
boiler pressure for more than half the stroke, or the side- wheelers 
of the Cunard and now long defunct Collins lines of ocean 
steamers, with their cumbrous side lever engines, or similar types 
in the navy such as the old frigate ‘* Mississippi,’? working under 
similar conditions, to the present ocean greyhounds or Admiral 
Melville’s battleships and cruisers, expanding steam of 250 pounds 
serially in multiple cylinders through ten times greater range; 
and as the passage from one to the other has occupied more than 
a half century, it may be of interest to note some of the now 
historic incidents attending this gradual change. 

For many years antedating the Civil War there had been pro- 
gressively some sort of recognition of the economic value of the 
expansive use of steam, until shortly before that war began it 
had grown, with some engineers of the day, into an unreasoning 
furore. They, as the admiral says, ‘* hardly seemed to realize 
that there was any limit to expansion.’’ In the words quoted, 
Admiral Melville probably had in mind, among the expansion 
extremists of the time, the late Frederick E. Sickels and his 
partner and fidus Achates E. N. Dickerson. 

Dickerson was a patent attorney of superior note who had 
conducted for Sickels an infringement suit against the late Geo. 
II. Corliss, and through this finally btossomed out—in his own 
estimation at least—into a full blown marine engineer; and 
doubtless did much to encourage and intensify in Sickels his 
craze for high expansion. 

Sickels was a most ingenious and prolific inventor, as the writer 
had ample opportunity to verify during the several months occu- 
pied by him in completing the ‘* Pensacola’s ’’ engines, while at 
anchor in the Potomac; the government—suspecting Sickels’ loy- 
alty, although I am sure without the least reason therefor— 
having confined him to the ship until the machinery was fin- 
ished, and the vessel had run the Confederate batteries on the 
river banks. 

Thoroughly imbued as he was with the extreme expansion 
craze, he early saw the incompetence of the Stevens cut-off to 
arrest the steam admission until the piston had completed some- 
31 
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thing more than half its stroke, invented his now celebrated 
adjustable drop cut-off, actuated from some part of the engine 
which moved coincidently with the piston, in which way he 
could, in furtherance of his extreme expansion views, cut off at 
any point, however short. 

While Sickels is entitled to the greatest credit for this inven- 
tion as a means to the end he sought, his failure to see the futility 
of cutting off much, if any, short of half stroke under the then 
obtainable conditions governing the matter, but energetically 
pursuing his expansion phantom, obtained from the government 
just previous to the outbreak of the war a contract to equip the 
then new and magnificent sloop of war ** Pensacola ** with steam 
machinery, after his own designs. 

After admission to the service, the writer was ordered to the 
engineer force of this ship, then lying at the docks at Washing- 
ton far from completed, and if time and space here permitted it 
would doubtless be interesting to recount some of the many 
curious experiences, for an engineer, on this ship in her subsequent 
completion and in her career in the passage of Forts Jackson and 
St. Phillip on the lower Mississippi and the capture of New 
Orleans under the great Farragut. She never got further than 
New Orleans, however, where the writer was detached from 
her. She was always known as the lame duck of the fleet, and 
as an engineering product was probably the most monumental 
failure of her time; and all because the designer of her machin- 
ery failed to comprehend the limitations which engineering 
knowledge then placed upon the expansive use of steam. 

Cursorily, I will point out that her main machinery consisted 
of four horizontal cylinders of 52 inches diameter, and four feet 
stroke, fitted with Sickels’ adjustable drop cut-off actuating pop- 
pet valves. There were enormous clearance spaces in the steam 
chests and passages under this arrangement; in itself most inim- 
ical to the expansion idea, and to make matters worse, Sickels 
had contrived condenser apparatus so illy considered that we 
could rarely command more than 15 to 20 inches of vacuum at 
the best; then, to crown all, he—expecting expansion to do most 
of the business—provided boilers by far too small. Yet witha 
maximum allowable working pressure of only 35 pounds and all 
these drawbacks Sickels added, he expected to cut off at one- 
tenth of the stroke in these four large cylinders. 

It will be readily seen that on this ship while under the guns 
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of the forts below New Orleans with 10 to 15 inches of vacuum 
and the boilers foaming so that for many minutes at a time we 
bad no idea where the water level in them was, the life of an 
engineer was anything but a happy one. 

Contrast with this the results of Isherwood’s careful experi- 
mental methods and the ships he produced under them, and we 
have much to be thankful for that this honored member of ours 
was at the head of the Steam Engineering bureau during those 
critical and trying times. 

Sickels and Dickerson, not convinced by their failures in the 
“ Pensacola,” succeeded in obtaining still another contract to equip 
one of the ‘* double-enders,’’ the ‘*Algonquin,’’ with machinery, 
having for its object the carrying out of the same extreme expan- 
sion ideas. Isherwood, in order to show that his experimental 
conclusions were better than Sickels’ theoretics, took a sister ship, 
the ** Winooski,”’ fitted with an inclined engine, and the then 
somewhat notorious ‘* Algonquin- Winooski ’’ dock trial was had. 

Sickels and Dickerson had succeeded in designing boilers in 
which they could safely carry 60 pounds, beginning to realize 
what an important factor initial pressure was to them. Isher- 


wood had extra braces put in the Martin boilers of the “ Winooski,” 
so that they could safely carry 40 pounds. Sickels essayed to 
cut off about 4); Isherwood had to be content with an initial 
pressure of 40 pounds, and cut off by the Stevens device at about 
half stroke. The writer was one of the watch engineers on the 
‘‘ Winooski ”’ in this trial, and remembers that upon summing up, 
the results were that the ‘‘ Winooski’’ with 40 pounds expanding 


once was considerably more economical than the ‘‘Algonquin’ 
under the advantage of 20 pounds greater initial pressure expand- 
ing eight or nine times. 

In those days no one fully understood the real causes which 
so greatly limited expansion possibilities. The great factor of 
cylinder condensation was far from being understood or appreci- 
ated; and particularly did we fail to see what an important factor 
in the production of this condensation was the question of piston 
speed. In the fifties 300 feet per minute was a good speed; now 
we quadruple that in short-stroke engines. Even Mr. Isherwood, 
with all his careful experimentation, up to within a year of the 
close of the war, did not realize the importance of high piston 
speed; otherwise he probably would not have geared the crank- 
shaft to the propeller shaft of the ‘100 inch” cylinders of the 
‘Wampanoag’? class of ships. 
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Of course there were other elements, such as steam jacketting, 
super-heating, etc., all looking to a reduction of that cylinder 
condensation which was gradually forcing upon us a conviction 
of its inimical character, and these were more or less in use in 
thosedays. The many changes that have come since Sickels’ time 
have finally brought about the successful use of steam expansively 
beyond his wildest dreams. 

The experiments during, and the experiences of, the war seemed 
to show that the.country was as fortunate—with marine engi- 
neering knowledge in such a transition state-——in having so careful 
and painstaking an engineer as Mr. Isherwood at the engineering 
helm during those troublous times, as it since has been in having 
the services of a Loring and a Melville at the head of the Engi- 
neering Bureau while developing what we now know as our new 
navy. 

Mr. A. Bement.—It is stated in paragraph 29 that English 
Engineers have had some trouble with the Belleville boiler, and 
the inference is that it was due to the lack of familiarity with it, 
but this boiler has been fitted to a very large number of ships in 
the British Navy, and it is hardly reasonable to attribute the 
trouble to lack of experience, considering the opportunity for 
becoming familiar with the device. The real trouble is with the 
boiler itself, rather than with the people who attempt to operate 
it. If criticism is justified, it is due in connection with the 
adoption of this apparatus rather than its management. 

Admiral Melville.*—\1 have to thank the gentlemen of the 
Society who so kindly discussed my paper and who dealt with 
it so leniently, as there is, no doubt, much in it to criticise. 

I am delighted to hear from my old companion-in-arms of the 
Civil War period, J. T. Hawkins, whose reminiscences bring 
back to my mind many vivid memories of the scenes and experi- 
ences of the Civil War. He left our service much to the loss o/ 
our Navy, and has made his mark in the field of mechanical in 
vention and in the promotion of the mechanic art. 

I am also pleased to see the criticism of Mr. A. Bement, of 
Chicago. Iam fully in accord with him in regard to his criticism 
of the Belville boiler, and I might add many others in the freak 
class both at home and abroad, but I did not think it proper to 
criticise any make of boiler either pro or con, as I do not believe 
it would be fair to the trade. 


* Author’s Closure, under the Rules. 
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No, 1077.* 
NOTE ON HEADS OF MACHINE SCREWS. 


BY H. G. REItsT, SCHENECTADY, N. Y. 


(Member of the Society.) 


1. The size and shape of machine serew heads as made by dif- 
ferent manufacturers vary very greatly. In the case of screws 
made by some manufacturers the heads used on different sizes 
have different proportions, thus presenting a different appear- 
ance. The company with which I am connected is a large con- 
sumer of machine screws, and this variation has from time to 
time eaused great inconvenience. Frequently designs are made 
to suit the serew heads of one manufacturer, and if afterwards it 
becomes desirable to purchase screws manufactured elsewhere, 
there may be an interference with other parts of the machine, due 
to the variation in size of heads. When tillister head screws were 
used with the space for the heads counterbored, it was necessary 
to make the counter-bore large enough to take the maximum size 
of head, thus not making a good appearance when smaller heads 
were used. The same was true in the case of flat-headed machine 
screws. The subject was taken up with several manufacturers 
of machine screws and it was found that they had no defined 
standard, but were open to suggestions, and were willing to sup- 
ply serew heads to any ordinary dimensions without much if any 
extra cost. The extreme variation in dimensions found is shown 
graphically in the accompanying drawings by full lines, from 
which it will be seen that there is great irregularity, and, as stated 
above, the same manufacturers will in some cases supply larger 
heads proportionally than others. (See Figs. 142, 143 and 144.) 

2. In order to establish uniformity in our own works, we pre- 
pared the accompanying formula and table giving the shapes and 
dimensions of the heads of the size of screws ordinarily used. The 


* Presented at the Scranton meeting (June, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the 7rans- 
actions, 
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shape and proportional dimensions of these heads are shown by 
the broken lines in the drawings of the several forms of serew 
heads. It will be seen that these heads present a uniform ap- 
pearance, and by submitting the table of dimensions we have had 
no difficulty in obtaining screws to the dimensions shown—in facet, 


the manufacturers have expressed themselves as pleased to have 


a standard to work to. 


N — Length of Machine Screw 
f N for screws 1 long and less 
X—- Length of Thread MN for screws over 1 and including 4” 


for screws over 4” 


FILLISTER HEAD FLAT HEAD HEXAGON HEAD 
4A B 2A 
D SA 
E MA 


DIMENSIONS OF STANDARD MACHINE SCREWS. 


Heap Frat Heap 


y 4 ) 
Rounp Heap Dimension DIMENSIONS DIMENSIONS. 


O44 m9 O15 |.029 

053 | 036). O36 

| 044 02 
| .050 
113 | 057 
| .247 | .071 
-166 | .4 125 |.083 
.190 | | .005 
|.387 |.166 |.111 
| .4 |.123 


| 


HexaGon Heap Dimensions 


G 
| 


|-246 492 |.434 


| 


j 
TT 
- B— 
-E- B— > 
F rad | 
A | 
ROUND HEAD 
B=1MA 
C= MA 
D WA fats 
E= “A “A 3} 
F= “A 
Rewet H.C. 
— 
nh | as | 
| | D | 
| | 
O58 | O87 |.044 |.015 .058 .015 
OSS |.132 | .066 |.044 |.022  .088 |.176 .026 | .022 
1s 149 | .074 O50 | .0R5 198 030 .025 
36 113 170 .085 |.057 O28 .113 |.226 .034 | .028 
32 .141 | | .071 035 |.141 |.282 .042 | .035 
32 165.249) 125 |.083 |.042 |.166 |.3382 | .042 
32 190 |.048 .190 |.380 .057 | .048 
| ps} 221 332) 2166) .111 :|.055 | 221 |.442 | .066 | .055 
24 26.369 |.062 .246 |.492 .074 | .062 
| 
= 
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Fig. 144. 


3. The author understands that there is a committee (appointed 
by the Society) at work on the standardization of machine screw 
threads, and it would seem to him that a report from them along 
these lines might make a valuable appendix to their work. 


DISCUSSION, 


Mr. L. D. Burlingame.—There is another style of screw head 
that has been extensively used which is not represented in the 
diagrams shown in this paper. It is similar to what is here 
called the fillister head screw, only it is made flat on top, with 
the corners rounded. It has some advantages over the styles 
here shown. In the works with which I am connected large 
quantities of screws with the head made in the style that | 
speak of have been used for many years. There are two ad- 
vantages in using such a screw. One is that the counterbore does 
not have to beso uniform in depth in order to make a good appear- 
ance. Another is that this one style will take the place of the 
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first two styles illustrated on page 479, and can be used in place: 
where either of these screws are used. Where a concern is car- 
rying many thousand kinds and lengths of screws, any saving in 
the number of the kinds carried is certainly an item worth con- 
sidering. Another point, that I would call attention to in con- 
nection with the formula given, is that making the diameter of 
the head one and a half times the body, while it may answer very 
well for the small screws which are listed in the table, seems 
inappropriate for large screws—say, up to 7/S and 1 inch diameter. 
It makes the head too large in proportion to the body. Wehave 
found that a formula with a constant was much better; make 
the head one and one-quarter times the diameter of the screw, 
plus a sixteenth of an inch constant. Using this formula, the 
one-quarter inch screw, the largest in the list, would be practically 
the same as listed, but a three-quarter inch screw would havea 
head one inch in diameter instead of one and one-eighth inch 
diameter, thus giving a better proportion from the small to the 
large sizes. This formula applies well to hexagonal head screws. 
One single instance given in the paper of a hexagonal head with 
the diameter three-sixteenths of an inch larger than the body of 
the screw does not seem to be sufficient to establish a proportion 
suitable for a large number of sizes, while the formula I have 
mentioned could be used for large and small sizes. 

The presentation of this paper is, it seems to me, made at an 
opportune time, and it could be considered, as suggested, by a 
committee to bring about a standard which could be generally 
used. It might not apply to such a factory as our own, where 
we make a large proportion of our own screws, but in supplying 
screws generally for the mechanical industries of the country it 
would certainly be a help to have some standard established. It 
would, however, seem wise to have it established along such 
lines as would apply to general conditions. The United States 
standard for the pitch of serew threads, which has been so exten- 
sively used, unfortunately has not seemed to apply to small ma- 
chine screws, and most of us have had to depart from it in order 
to get the results we want. It would seem that some time a sup- 
plementary standard might be established which should include 
not only a standard for finer screw threads, but also proportions 
of heads and other parts of screws which could become the uni- 
‘orm American practice. 

Mr. Whitehead.—I think it very important to have all these 
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screws standardized, and I agree with the gentleman who has 
just spoken and who has covered the ground very fully, that 
it is necessary to have all screw heads standardized in order 
that they may be manufactured more cheaply. The govern- 
ment standard screws have already been adopted as far as they 
can be for the work that they are adapted to. There are some 
classes of screws used which require finer threads than the goy- 
ernment standard. My experience has not been very large on 
machine screws, as our business in that line has been a very 
small part of our plant, and has been confined more particularly 
to nuts and bolts. Put the screw business is growing so fast | 
think it is a good thing to have all machine screws standardized. 

I have not studied the subject carefully enough to be able to 
cover the ground any more fully than the last gentleman who 


spoke. 
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No, 1078.* 


CAST IRON: CRUSHING LOADS AND MICRO- 
STRUCTURE.+ 


BY W. J. KEFP¢s DETROIT, MICH. 


(Member of the Society.) 


1. The Crushing and Tensile Tests were made by H. Diederichs, 
Assistant Professor of Experimental Engineering, Sibley College, 
Cornell University. The Report on the Microstructure is by 
Albert Sauveur, Assistant Professor of Metallurgy, Harvard Uni- 
versity, and proprietor of The Boston Testing Laboratories. The 
photomicrographs accompanying his report were taken and speci- 
mens were polished and etched in the Metallographical Laboratory 
of Harvard University by H. M. Boylston, 8.B. The test speci- 
mens for all tests were prepared by the author. 

2. The object of this paper is to make more complete the so- 
salled A. S. M. E. series of tests on cast iron, which are recorded 
in the Transactions of this Society, in vols. xvi., xvii, xix., Xxi., 
xxi. and xxv. (See second foot note.) It was intended at this time 


to present impact tests of these series of tests, but the special 
apparatus required and the peculiar results obtained made it advis- 
able to delay its presentation. 


* Presented at the Scranton meeting, June, 1905, of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the TJransac- 
tions, 

+ For further discussions on this general subject, consult 7ransactions as 
follows : 

No. 318, vol. 10, p. 187: ‘‘ Tests of the Strength of Cast Iron.” Gaetano Lanza. 

No, 631, vol. 16, p. 542: ‘‘ Relative Tests of Cast Iron.” W. J. Keep. 

No. 654, vol. 16, p. 1066: ‘* Report of Committee on Standard Tests.” 

No. 655, vol. 16, p. 1082: ‘‘ Transverse Strength of Cast Iron.” W. J. Keep. 

No. 695, vol. 17, p. 674: ‘Strength of Cast Iron.” W. J. Keep. 

No. 766, vol. 19, p. 351: ‘‘ Cast Iron under Impact.” W. J. Keep. 

No, 842, vol. 21, p. 369: ‘‘Impact.”. W. J. Keep. 

No, 892, vol. 22, p. 570: ‘* Influence of Titanium on the Properties of Cast Iron 
and Steel.” Auguste J. Rossi. 

No. 1041, vol. 25, p. 884: ‘‘Cast Iron; Strength, Composition, Specification.” 
W. J. Keep. 


an 
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3. This series of tests is valuable on account of its completeness 
and because a full chemical analysis was made of each size of 
test-bar of each of the 19 series of casts. 

4. One pair of test-bars of the Riehle shape 0.692 in. diameter, 
also one pair of the same shape 1.13 in. diameter, of each of the 
19 series, were tested in tension by Prof. R. C. Carpenter of 
Sibley College, and reeorded in vol. XVil. of the Transactions, 
pp. 726 and 727. A pair of bars, 1.18 in. diameter, from each 
series was ground true and tested in tension on an Emery testing 
machine by Prof. lra IL. Woolsom, at Columbia University (ibid., 
pp. 728 and 729). 

TABLE I. 
CrusHinag Tests OF SHORT CYLINDERS. 


| 


CYLINDERS 1.13 in. Diam. 


CYLINDERS 0.692 1N. x 21N. | 
Lone.§ 


Lonu.t 


| 
cent- 


ilicon. 


Crushing Load. 


f Test Bar. 


| 
| 


Crushing Load. 
Maximum| 
Load | Average. 
per sq. in. 


|Maximum 
| Load Average. 
\per sq. in.| 


Length at 


Max. Load. 
Rion 


No. of Test Bar. 
per 1,000 Ib. | 


No.0 
Compres- 
age of 


per 1,000 Ib. 
Average 


| 


.005652 


004463 


76,133 

75,573 | 53 | 1.8 d 3.5 002849 

002696 


002788 
008575 


62,706 


¢ \ | 68,300 
76,520 | 69,780 


90,9204 

80.000 3. | 
88,680 

2 800 | 3.5 002273 


t All cylinders 0.692 
Transactions A. 8S. M. E. 
Table xxviii, p. 727. ibid. For tensile tests of Series 18, see test bars 73 to 83, and for Series 19, see 
test bars 103 and 104, Table xxxii, p. 729, idid. § All cylinders 1.13 in. diameter, except for 
Series 18 and 19, were cut from transverse tests bars cast 1.13 in. diameter, Table xxiv, p. 723, ibid. 
* Short column failure, all others jong column failure. Fora full chemical analysis of all these 
series, see pp. 1100 to 1107, vol. xvi, ibid. 


Nn 
12 | 84,053 | 84480 | 1.87 | .004258 7 66) 78,000 | 77,220 | 3.24) .002844 | 1.88 
16 |..........| 80,293 | 1.90] .003391 88) 65,240 | 67,340 | 3.20 | 003267 | 2.01 
19 | 71,040 | | 1.84 § 109) 62,820 | 
20 | 65,786 | 68413 1 87 | | 1 110) 58,200 | 60,260 | 3.23 | |°3.19 
81,648 | 80,651 | 1.86 | 58,360 | 61,780 004208 | 3.04 
| | 
31 
| 1.17 
| 1.67 
so (210i |..........) 
| 61,680 |..........| 1.86 |..........| 268] 57,200 |..........] B.17 
“1 | 48 | 63,733 | 1.80 | 007229 | 7 264) 59,000 | 58,100 3.17 | "003959 | 3.50 
56 | 75,786 | 69,040 | 3.18 | .003541 | 2.82 
52 | 80,720 77,426 | 1.89 | .003617 | 276) 68,500 73,170 | 3.22 | 002460 3.18 
60 | 71,520 | 71,600 .005400 | 1308) 72,90 | 74,470 .003693 | 3.50 
ag {| 67 | 107,413 |..........] 1.87 |........../ § 65 
68 | 105,200 | 106,306 | 1.88 | .003136 |) 66 2.06 
| | 
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5. All of the original test-bars are carefully preserved for 
future tests, consisting of four bars 13 in. long of each size from 
1 in. to 4 in. square of each of the 19 series. 

6. Table L. contains crushing tests of bars, 0.692 in. and 1.13 in. 
diameter, to correspond with the tensile tests already referred to 
of the same sectional area and of the same iron. 

7. The length of all of these test-pieces for crushing was three 
times the diameter. They were carefully turned to size with end 
faces parallel and bedded with sheet copper. 


| 
+ 


1.00% 125% 150% 1.73% 200% 


Lt. 
| 692 dia. 


Fig. 145.—CHART OF CRUSHING STRENGTH SHOWING APPROXIMATE RELATION 
OF STRENGTH TO SIZE OF CASTING AND TO THE PERCENTAGE OF SILICON 
(Chart gives the strength per square inch.) 


8. From these records the chart (Fig. 145) was prepared, show- 


ing the same general variation in crushing strength for variations, 
in size and in silicon, that was found in transverse and tensile 
strength. (See vol. xxv., pp. 895 and 898.) 


Physical Composition of Castings. 

9. The variation in structure between the edge and the center 
of a round casting, and the corner, side and center of a rectangular 
casting, is shown in Tables II., II]. and 1V. While there does 
not seem to be any difference in the size of the grain under the 
microscope, even when magnified 500 diameters, yet there is a 
very great difference in strength. 

10. All test-pieces in Tables IL, III., TV. and VI. were eut 
from bars of one square inch area, of Series 2, with silicon 1.21 
per cent., and all were poured from iron taken from the cupola at 
the same time. 

11. For another interesting test record, a block of cast iron 9 
inches square by 18 inches long was cut longitudinally into 9 
pieces, and test-bars, 1.13 in. diameter, were turned from each 
piece. The average tensile strength from the bars from the corners 


4] 
22% 20% 275% 300% 325% 3.50% 
+ + + 
| 
| 
| | | | 
HH 
‘a 
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was 25,100 Ib., from the sides 19,913 Ib. and from the center 


15,730 lb. (Vol. xxv., p. 14.) 
TABLE II. 


Maximum Loan. 


CrusHING TEsTs OF }-IN. CUBES. 
Lb. per sq.) Av. per sq 


Actual. 


\ 21,760 | 87 O40 


}-in. cubes from corner of 1-in. test bar...... 21970 87.460 


\ 18,780 75,120 
| 18,090 


4.12 
[a] }-in. cubes from center of 1-in. test bar.... 68,480 


}-in. cubes from side of 1-in test bar 


75,000 79,40 
17.410 60.640 69,060 


TABLE Ill 


Maximum Loap. 
TENSILE TESTS OF }-IN. Bars. 
Lb. per sq. Av per sq 


Actual in 


Dex 6-in bars from corner of 2in 1-in.} 3.700 | 20.453 
}-in. x 6-in. bars from side of 2-in. x 1-in. | 3.520 | 
j-in. 6-in. bars from center of 2-in, x 3.520 


* Three inches at the center was turned down to a diameter of 0.480 in. We used 2-in, x 1-in 
bars because we were short of 1-in. 1 bars of Series 2. 


TABLE IV. 


CRUSHING STRENGTH PER 8Q. IN. OF 4-IN. CUBES CUT FROM EACH! SIZE OF 
Dry SAND BARS OF SERIES C OF TESTS BY THE AMERICAN FOUNDRY 
MEN’S ASSOCIATION. 

4in.O | lin. in. 2in.O 3in.O 4in.[ 


| Distance of Cube 
| 


from Surface. 


ae eee 154,000, 111,600) 88,240 | 87,000 | 79,200 | 72,680 | 68,400 | 65,640 
| } 
.....| 83,000 | 77,360 | 72.200 | 67,400 | 66.040 | 61,000 
|Third “........ | 71,360 | 64,160 | 64,320 59.520 
| | 
| 154,000, 99,560) 83,000 | 72,040 | 71,369 | 63,800 | 63,520 56,880 
« \Per sq. in. of bar..... 154,000 *107,588| 86,492 80,152 | 74,832 67,468 65.864 60,312 
! 


* The crushing load per sq. in. is found by taking twice the sum of the loads on cubes outside 
the center + the load at the center, and recording the average. 
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TABLE V 


faximum Loa. | pength | ompres- 
Sections or 11N. Test Bars at Max. sion per 
Average | Load. | 1,000 Ib. 


Actual per sq. in 


Cylinder 1,13 in. diameter « 3.4 in, long 


lin. x Sin. long..... 6 O00 =6,000 001071 


Cylinder 1 in. diameter « 31 60,480 ay 3. 003307 


Cylinder in. diameter 2} 30,800 197 2 002272 


t See note Table VI. 


TABLE VI. 


28. 
Maximum Length | Compres 
sion pe 
CRUSHING OF COLUMNS jat Max. sion per | h 

pers t 
per sq. in.| Load 1, Ib. 1.000 Ib. 
| 


| 
in. long 001064 -002128 


1 in. long... 7 001347 
} in. long *93,030 001397 | .000931 
x Zin. long ..... .001861 000930 


+ (79.700) | (2.83) 002133)! .000711 
* 76,000 2.9 001316 000438 


0 x 4in. long | 3.77 | .002662 | 000665 
Zz. 


lin. O « 3 in. long.... 


lin. x Sin. long........ 7.93 004419 .000552 


* Short column fracture ; all others long column fracture + This record should have been 
‘bout 79,700; the piece was defective. + Began bending at 48,000 Ib. § Began bending at 
$3,000 Ib. 

12. Table V. gives the strength of a test-piece cast and tested 
1.13 in. diameter, one cast and tested 1 in. O, and another east 1 
in. O, but which had the corners turned off, and still another with 
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corners and sides removed. The difference in strength between a 
small and a large casting is shown in Table L. and in Figs. 178 
to 187. 

13. The reason for dwelling upon this at such length is that 
very few realize that a variation in the size of a casting causes a 


TABLE VII. 


Ar YIELD Pornr. CRUSHING LoaD. 


CRUSHING STEEL, 
Test Pieces 31N. Lona. Length | Compres- | Length at) Compres- 
Laced per at | sion per Load pet Maxim'm sion per 


a 
Load. | 1,000 1b, | Load. 1,000 Ib 


34,283 2.% 69,232 | 007602 


1-in. © soft steel. 35.495 ‘003449 69,008 2°58 007432 


36,000 000555 100,000 .010500 


1-in. Swede iron. 2" “000833 75,200 007979 


38,000 001316 | 80,460 2.60 | .004971 
1-in. soft steel .. 36,000 2. 84,900 2.52 005654 
36,000 2.§ 000555, 75,600 2.6 004101 


‘ 


TABLE VIII. 


Crusuixe Columns At YIELD Port. Maximum Loan. 
STEEL Bars 101Nn. Lone, | 
—— Length | Compres- | Maximum Length at) Compres 


INCHES. |} Load per 
-Q ae at sion per Load per |Maxim’m sion per 
| 
HELD Grips. | Load. 1,000 lb. | eq. in, | Load 1,000 Lb. 
| | | | 


O 1-in. © eoft steel ..)) 000375 38.197 
| 


W 1-in. D Swede iron. 22,000 ‘ 25,500 


§ 34,000 -000348 44,200 * 
1-in. D soft steel 34,000 7.9 “000348 41,000 * 


* At 36,000 buckling and scaling were very plain. 


greater variation in strength than a variation in chemical composi- 
tion; and that whatever size of test-bar is used, the strength of 
any other size of casting must be approximated by a comparison 
with a series of tests of such sizes of castings, and cannot be cal- 
culated by a mathematical formula. (See charts and tables for 
approximating transverse and tensile strength, vol. xxv., pp. 895, 
898 and 901.) 
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Best Form of Test-piece for Crushing Tests. 


14. The specimen to be tested should be east one square Inch in 
area and 1.13 in. diameter. It will not do to cut a test-piece from 
a larger casting, because wherever cut it will not represent the 
structure of such casting. 

15. A length proportioned to the diameter should be fixed upon 
as standard. The conditions in Tables VII. and X. seem best. 


TABLE IX. 


CoLuMNs IN TENsIon, Ar Po [aximum Loat 


STEEL Bars 101N. Lona, 
EXTENSIONS IN 
INCHES Load per 
in Grips sq. in 


Length Extension Maximum Length at Extension 
at per Load per Maxim’m per 
Load 1,000 Ib <q. in Load 1,000 Ib 


Swede iron, 20,000 | 


TABLE X. 


COMPRE=s10N AT LOAD OF Maximum 


Crushing 


CRUSHING 'TEsTs. 14.000 16.000 Load 


White cast iron sua 2.85 00400 00465 00645 
Heavy machinery .. 00330 


Stove plate iron 3.2 00730 5) 18.960 


Re lation of Nie ngth lo Le ngth of st- pic Cé, 
As there were not enough round bars in Series 2 for all erush- 
ing tests lin. o bars were used for Table VI. 
16. Referring to Table I1., we see that the strength of a }-in. 


cube, eut from the center of a test-plece 1 in. O, is 69,060 Ib. per 


(. In.; When cut from the corner the strength is 87,460 1b. per 
“q. In., but when a section 1 in. Oo x 4$-in. thick is cut clear across 
he test-bar and is tested, it gives 112,700 Ib. per sq. in. A $-in. 


3 
32 


| C) 
| 1-in. 41,900 8.46 
| l-in soft steel 32000) 002453 58.370 9 9% 
44.200 
7 123.520 
19 61,211 
18 
i 13 | 
4 
\ 
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cube from the side of a test-bar 4 in. c gives D6,SSO, but a section 


#in. o x 4 in. thick would show a greater strength per sq. in. 


than the section 1 in. o x 4 in. thick from a test-bar 1 in. o. 

The outside metal in a larger section prevents the metal at the 
center from being erushed, 

17. Table VI. shows that as the length increases the strength 
decreases. All specimens less than 3 inches long fail as a short 
column—that is, do not bend but break in pieces. From 24 to 3 
times the diameter has generally been considered best. 


TABLE XI. 


Lo EXTENSIONS AT LoaD oF Maximum 


in. Pensile 


TENSILE TEsts. 14.000 16.000 22,000 Load 


| Soft steel 0305 WIS 25 58370 


> White castiron ...... OO400 24.000 
> Carwheel iron 00310 30.000 
> Heavy machinery 00500 24,000 
> Stove plate iron... 3.: 01460 


16.850 


18. The bending that takes place in long test-bars when the 
crushing force is applied to flat ends may be largely avoided if the 
test-bar for the crushing test is held in the grips of the machine 
the same as the tensile bar is held. (See Tables VIII. to XT.) 

19. A comparison of Tables VII. and VIII. will show the re 
sults of crushing steel bars 3 inches long and 8 inches long. 

All test-pieces in Tables VII. to XT. having the same name ars 
cut from the same rolled bar of soft steel or Swede iron. 

20. Table LX. shows the tensile strength of the same test-bar- 

21. Tables X. and XI. show that testing-bars with 8 inches o1 
which to measure extensions or compression and held in the sanv 
grips shows the tensile and crushing strength much better tha: 
by using shorter test-bars. 


Microstructure of Cast Tron. 

22. In each cast, or series, a number of test-bars of one squar 
inch section, some square and others round, were made in mold 
and of iron of as uniform quality as would be possible in an 
foundry. 

23. Some test-bars of 1.13 inch diameter were tested trans 


| 
17 
19 
18 
13 
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versely and in tension; all loin. og bars were tested transversely 


and a complete chemical analysis Was made of all sizes of square 
test-bars. 

24. The photo-micrographs (Figs. 149 to 153) of the center and 
edge were made from a specimen cut from test bar No. 43, 1.15 in, 
diameter, and Figs. 154 to 159 of the corner side and eenter were 
made from a specimen cut from one of the 1 in. © test-bars, all 
from Series 

25, Series 15 (and 13) was a regular high silicon stove-plate 
mixture of SO tons per day. 

26, Series 18 was in 184 considered the best mixture for heavy 
machinery of Messrs. Bement, Miles & Co., Philadelphia, Pa. 
lor a description see Transactions, vol. Xvi., p. 1078. Figs. 17s 
and 179 are from the center of the test-piece 0.692 in, diameter. 
Figs 180 to IST are $-in. from the edge of the test-bar. 

27. Series 19 was in 1894 a good car-wheel mixture of Messrs. 
A. Whitney & Sons of Philadelphia (Figs. 18 and 18%). 

Mild steel ( Fig. 191) is from the square bars of Tables VII. to 
XI. 


Report of Professor Albert Sauveur. 


28. Photomicrographs were made by Mr. Boylston from the 
unetched surfaces because such surface shows the graphite parti- 
cles better than an etched surface, and the mode of occurrence of 
vraphite particles have a marked influence upon the properties 
of the iron, 

2% In order to justify inferences arrived at in every ease it 
will be well to bear in mind the two following propositions: 

First. Fora given composition of cast iron the smaller the parti- 
cles of graphite the stronger the iron. 

Second. A cast tron of maximum strength should have a metal- 

‘matrix of maximum strength, and this means that this matrix 

ould consist only of pearlite or should contain but a slight excess 
f cementite, which in turn means that the proportion of com- 
‘ned carbon should be somewhere between 0.7 per cent. to 1.00 

r cent. 

30. There is no marked difference in structure between the 
center, the edge and the corner, nor is this to be expected because 
the rate of cooling of so small a bulk of iron, cast in sand moulds, 
siould not vary much. 

31. In the specimen from bar 59, 0.692 in. diam. of series 15 
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SERIES 1.—CENTER 1.13 IN. O. | SERIES 2.—CENTER 1.13 IN.O. 


. 


Fig. 146.—Unercnep 100 DiamMeTERs. Fig. 149 100 DIAMETERS. 


Fig. 150.—CENTER. Fig. 
Etched 100 Diameters. 


For 1,000 Diameters. see Fig. 190. Fig. 152.—CEeNTER. Fig. 153,—-EpGe 
Fic. 148.—Ercuep 500 DIAMETERS. Etched 500 Diameters 


. 

— 
> 
Fig. 147.—Ercuep 100 Diamerens 


CAST IRON: CRUSHING LOADS AND MICKOSTRUCTURE, 


CENTER. SERIES 2.—1 1x. co: CORNER. 


Fig. 156.—Ercnep 300 DIAMETER Fic, 159.—Ercuep 100 Diameters 
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Fig. DiAMETERS Fig. Uneronep 100 DiaMeren- 
A 
Fig. 155.0 Ercuen 100 DiaMerers Fig. 158.—Ercnep 100 DiaMeTens 
= 
~ 
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SERIES 3.—CENTER 1.13 1N. 0. | SERIES 4.—CENTER 1.13 IN. © 


Fig. 160.—UNetcHepD 100 DIAMETERS. Fig. 163.—Unercuep 100 DIAMETERS. 


‘1G. Ercuep 100 DIAMETERS. 


Fig. 162,—Ercuep 500 DIAMETERS. Fig. 165.—Ercuep 500 DIAMETERS. 


Se 
Fig. 161.—Etcnep 100 DiaMereErs. 
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SERIES 5.—CENTER 1.13-IN. O. SERIES 6.—CENTER 1.13-0N. 


Fic. 166.—Userourp 100 DIAMETERS. ‘iG. 100 DIAMETERS 


167. Ercenen 100 DiaMeTERS 


Ercuep 500 DIAMETERS. 


Fig. 170.—Ercuep 100 Diamerers 
Fic. 168, - Fig. 171.—Etcunep 500 DIAMETERS. 
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0.692 IN. O. SERIES 15.—CENTER. 


Fic. 174.—Ercurp 500 Diameters. ‘iG. 177.—Ercuep 500 DiaMETERS. 


1.18-In 
: | fa: 
Fig. 172.—UNetcuep 100 DIAMETERS. Fig. 175.—Unetronep 100 
Fig. 173.—Etcuep 100 DIAMETERS. Fig. 176.—Ercuep 100 DiamMeTeRs. 
2. ‘, } 
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0.692-IN. ©. SERIES 18.—CENTER. 1.18-1N. O. 


Usetcuep 100 DIAMETERS. 3. 100 DIAMETERS. 


Ercnep 100 DIAMETERS. 


2in. o. 


Fig. 182.—Unercuep 100 DIAMETERS. 71. 183.—Ercuep 100 DIAMETERS. 


; 
Fig. 181.—Ercuep 100 DiamMEeTeRs. 
2 in. o. 
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SERIES 18.—CENTER. 


3-in 
. 184.—UNETCHED 100 DIAMETERS. 


4-in. o. 
Fig. 186.—UNetcuep 100 DIAMETERS. Fig. 187.—Etcnep 100 DIAMETERS. 


SERIES 19.—CENTER 1.13-IN. O. SERIES 19.—CENTER 1.15-1N. 


Fig. 188.—UNETCHED 100 DIAMETERS. Fig. 189.—Ercuep 100 DiaAMETERS. 


hi 
sim. 
ee 
J 
Se 


CAST IRON: CRUSILING LOADS AND MICROSTRUCTURE. 199 


Sort STEEL, 1-IN. 


Fic. Ercnep 1,000 DIAMETERS. ‘1G. 191.—Ercurp 100 DIAMETERs. 
For 100 and 500 diameters, see Figs. 146, 147 and 148, 


the difference between the eombined earbon reported by the 
chemist and as indicated by the structure is extreme. The chemist 
reports for a test-bar, 0.5 in. Oo, 0.10 per cent. of combined carbon 
While the structure shows about O.4 per cent. 

32. It is very surprising that notwithstanding this low amount 
of combined carbon and the fact that the graphite particles are 
quite coarse, the tensile strength of bar 50 is 24,400 1b. per sq. in. 
As shown from the strueture, we should have inferred that it 
would have been considerably below 18,000 |b. per sq. in. 

33. It should be borne in mind that the specimens of cast iron 
which were subjected to a microscopical examination were neither 


those that were analyzed nor those that were subjected to the phys- 
ival tests. It is not to be expected, therefore, that the photomicro- 


eraphs which we here reproduce correspond to the structure of 
the bars actually tested, neither do they suggest accurately the 
chemical composition of these bars. To try to infer the physical 
or chemical characteristics of samples of cast iron from the strue- 
ture of other samples, although cast at the same time and under 
ihe same conditions, would be a very hazardous proposition, and 
it is why it was not attempted in this report. 

34. The disagreement which exists between the structures here 
shown and the results of the physical test and the chemical com- 
position of other bars is not to be wondered at considering the 
difference which generally exists between test-bars cast under 
identical conditions and from the same heat. 


SERIES 1.—CeENTER 1.13-1N. 


CAST IRON: 


CRUSIIING 


TABLE XII. 


LOADS AND MICROSTRUCTURE, 


Pror. SAUVEUR’S MICROANALYSIS. 


No. of Figure 
Photomicrograph. 


Test Bar. 


No. of 


2, 3, 4. 46 


& 


10, 11, 12, 13, 14,15 


Condition 
of Graphite 
Particles. 


Small and fine, 
| Finely divided 


Quite coarse.* 


Relatively coarse 
Smaller than 65. 


TENSILE STRENGTH PER SQ. IN 


Prof. BR. C 
Carpenter's 


est 


From Structure 


Apparent 


Exceed 20,000 

20.000 

20.000 
+ (but less than 22 & 43) 

Less than 20,000 

20000 


15,700 
22,500 


20.450 
10.350 


Small, 
Very coarse. 


19,000 
18.000 


19.750 

7.200 
18,000 
17.000 


in coarse, 
20,300 


1.13 in Medium 


692 in. 
1.13 in. 
2in 
3 in. 
4in. 


Small and fine. Exceed 20,000 
Less than 15.000 
= 16.000 
14.000 


24,110 
18: Very coarse 
Coarse 

Very coarse 
19 1.13 in 


Coarse Exceed 2,000 


Mild steel, 47. 


* No marked difference in the appearance of the grain at the edge and center of a rom 
the corner side and center of a square bar. 

+ The photomicrograph was from the sample that was tested in tension, therefore 
comparison can be made. 


a bar 


i this case 
TABLE NIII. 

CHEMICAL COMPOSITION FOR COMPARISON 

Transverse 


Strength 


per sq. 


Mn 


Mixed to 


Iroquois .... 
1 make Serie= 
/ 


Pencost... 


lin. 
Lin, 
lin. [ 

| lin. 
lin. O 
in. 


5in. 
lin. 


5in. O 
tim. 
2 in. [ 
O 
4in. 


Drillings of all sizes of 
test bars were mixed and 
analyzed in Series 18 and 
10 
19 lin. [ 


101 353, .35 


Chemical determinations by Messrs. Dickman & Mackenzie, Chicago. Il. It was intend: 
that Series 1 to 6 should contain 1.00, 1.50, 2.00, 2.50, 3.00, 3.50 per cent. silicon, but no excess \ 
added for loss in melting. Other discrepancies are due probably to uneven diffusion. 


500 
st | 
| 
1 22 1.13 in 
(| 43 1.13 in. | 
3 65 16, 17, 18 1.13 in, Hi 
5 109 22, 23. 24 1.13 in. 40 ‘ ‘ 
6 131 25, 26, 27 1.13 in 45 
\ 59 28, 29, 30 
15 ( 307 31, 32, 33 
No. Size TC 
| 1 3.85 | 60 1.25 79 054 2.025 
2 3.86 | 4 4 1.14 269 2.04 
3 3.75 | .28 ih 1.73 030 267 51 2 40 
: 4 3.72 | As 1.69 O46 30 2.410 
5 3.56 | 4 16 2.65 O21 2 464 
6 3.46 | Os 38 2.69 .033 45 2,214 
15! | | 3:08 10 3.29 980 3.392 
3.10 3.01 09 3.50 90 2,235 
3.35 2.90 M5 2.20 052 340 3.568 
2.000 
1.87% 
1,835 
2.880) 
| 
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Notre ny W. J. K.—In Table xii the tensile tests by Professor Carpenter and 
the two footnotes, and Table xiii are not a part of Professor's Sauveur’s report. 

It was hoped that the photomicrographs would explain variations in the records 
of physical properties and further examination may do this to some extent, 

It was thought that a comparison of the crushing tests of this paper with the 
tensile tests previously made would show the relation between extension and 
compression for varying percentages of silicon, but the crushing of short 
cylinders fails to show this ; and the very satisfactory tests shown in Tables viii 
to xi were made on long test bars held in grips with 8 inches on which to meas- 
ure changes in length. 

It is expected that an apparatus will be perfected that will simultaneously 
make autographie diagrams of transverse load and deflection, and of elongation 
and compression of the extreme fibres ; and that from these data can be calculated 
by a formula the position of the neutral axis and the crushing and tensile 
strength. Probably these results can be presented to the Society in the near 
future. 
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STANDARD UNIT OF REFRIGERATION, 


No, 1079.* 
STANDARD UNIT OF REFRIGERATION.*+ 


BY F. E. MATTHEWS, NEW YORK, N. Y 


(Junior Member of the Society.) 


1. In presenting the following paper suggesting an outline by 
which to establish a standard unit of refrigeration the writer 
wishes to call attention more particularly to the principles invelved 
‘and the methods employed than to any given example or specitic 
computation. 

The following out of lines parallel to those by which boiler 
ratings were established, commends itself both in that it lends 
consistency to the work of the society and makes the subject more 
tangible to the engineer less familiar with the details of refriger 
ation than steam engineering. 

The numerical data of the paper conform to some extent to thy 
recommendations already made by the committee appointed 


* Presented at the Scranton meeting (June, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the Transa 
tions. 

+ For further discussion on this general subject, consult Transactions as fo 
lows: 


No. 3538, vol. 10, p. 792: ‘‘ Performance of a Thirty-five Ton Refrigerating Machin 
of the Ammonia Absorption Type.” J. E. Denton. 
. 889, vol. 11, p. 830: “ Test of a Refrigerating Plant."” De Volson Wood. 
. 492, vol. 13, p. 507: ‘* Summary of Results of Principal Experimental Mes 
urements of Performance of Refrigerating Machines.” J. E. Denton a: 
D. S. Jacobus. 
. 514, vol. 14, p. 188: ‘ Notes on the Refrigerating Process and its Pro; 
Place in Thermodynamies.”’ Geo. Richmond. 
. 554, vol. 14, p. 1414: ‘* The Refrigerating Machine of To-day.” (©. Linde 
. 707, vol. 18, p. 127: ‘* Method of Determining the Work Done by a Refrige: 
ating Plant and its Cost.” F. H. Boyer. 
Yo. 1025, vol. 25, p. 292: ‘Standard Unit of Refrigeration.” J. C. Bertsch. 
vo. 1055, vol. 26, p. 64: ‘‘ Preliminary Report of the Committee Appointed + 
Suggest a Standard Tonnage Basis for Refrigeration.” 
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suggest a standard tonnage basis for refrigeration and in that 
respect is not wholly original. 


1. Standard Thermal Unit. 


Ton of refrigeration, equal to 288,000 British thermal units of 
negative heat, equivalent to the melting of 2,000 pounds of ice 
from and at 32 degrees Fahr., the latent heat of ice being taken 
as 144 British thermal units. 


2. kyuivalent Standard Unit. 


Under standard conditions, the evaporation to a saturated 
vapor, of a sufficient number of pounds of a refrigerating fluid 
per hour to absorb heat at the rate of 288,000 British thermal 
units per twenty-four hours. 

(1) Standard Conditions. 

Since the evaporation of a liquid “ from and at” its boiling 
point invelves only the latent heat of volatilization, the adoption 
of a “ from and at” basis similar to that used in the case of steam 
seems advisable. More specifically the number of pounds of the 
respective refrigerating fluids to be evaporated per hour to pro- 
duce refrigeration at the rate of one ton per day should be deter- 
mined for the conditions “‘ from and at” the boiling point of the 
respective liquids corresponding to standard atmospheric pressure. 
(2) General Conditions. 


Evaporation of a liquid from any other temperature into sat- 


irated vapor at any other pressure to be reduced to an equiva- 
lent evaporation under standard “ from and at” conditions by the 
use of appropriate “ from and at” factors. 


3. Nominal or Builder's Rating for Compressors. 


To be made on the basis of a displacement under standard con- 
‘tions of a sufficient number of cubie feet of saturated gas per 
init of time to represent the absorption of 288,000 British ther- 

mal units of heat per twenty-four hours. 
1) Actual Displacement. 

Since the volume of vapors effectively displaced is less than 
‘he volume swept out by the piston, and since this ratio varies 
vith different machines and with the same machine under differ- 
ent conditions, the use of this ratio as a “ factor of efficiency ”— 
experimentally determined—would seem advisable. 


> 


504 STANDARD UNIT OF REFRIGERATIO‘. 


(2) Standard Conditions. 
Piston speeds in feet per minute for the various sized machines 
determined from a regular curve of the average piston speeds 


employed by representative builders of refrigerating machines 
should be adopted as a basis on which to determine the nominal 
rating of a compressor. 

Since unit volumes of vapor under different pressures repre- 
sent different amounts of refrigeration, the amount of gas equiva- 
lent to the refrigerating rate of one ton per twenty-four hours 
should be determined under standard conditions corresponding 
as closely as possible with average practice. A liquid tempera- 
ture of 90 degrees Fahr. and a gas temperature of 0 degree Fahr. 
corresponding to a gauge back pressure of 15.67 pounds has al- 
ready been suggested by the “ Standard Ton” Committee. 

(3) General Conditions. 

The equivalent performance of the machine when working 
under other than standard conditions should be brought to the 
standard basis by the use of appropriate factors. 


Refrigerating and Steam Systems Compared. 
preg 7} 


2. Thermodynamically the boiler of a steam plant, composed 
of a boiler, an engine and a surface condenser, corresponds very 
closely to the cooler (boiler) of a refrigeration plant composed of 
a cooler, a compressor—or generator—and a condenser. A shill 
boiler is duplicated in the cooler of the shell type of construction 
and a water-tube boiler in direct expansion coils. Each is a re 
ceptacle for the evaporation of its respective working medium ; 
this evaporation being accomplished in the former case by heat 
liberated in the combustion of coal, and in the latter, by animal 
or solar heat with which the liquid comes in contact in its journey 
through expansion pipes immersed in comparatively hot brine or 
the atmosphere of cold storage rooms. 


Actual Performance. 


3. The actual capacity of each system is directly dependent 
upon the amount of the working liquid evaporated per unit of 
time, from a given temperature, and at a given pressure and cor- 
responding temperature, but the ability of either system to at- 
tain a given capacity, is dependent on physical laws involved in 
the construction and operation of the system. 


E 
| 
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British Thermal Un its Basis of Poiler Tlorse+ Pow: r (already 
establish: d 


4. The unit of steam boiler capacity or boiler horse-power has 
been fixed by this society as equivalent to the evaporation of 30 
pounds of water from a feed water temperature of 100 degrees 
Fahr. into steam at 70 pounds gauge pressure. Such a unit is 
equivalent to 33,306 British thermal units of heat or 34.5 units 
of evaporation, the latter being the amount of heat necessary to 
evaporate one pound of water “ from and at” 212 degrees Fahr. 
(from feed water at 212 degrees Fahr. into steam at atmospheric 
pressure). For convenience in reference, equivalents of the vari- 
ous units employed in boiler horse-power computations are given 


below in Table I. 


TABLE I. 


FUNDAMENTAL Data oF BotLer Horse-PoweERr. 


Pounds Water) Temperature, Gauge 


17° Units of 
per Hour Pressure. B.T.U's. 


Evaporation. 


Boiler H. P. 


965.7 02898 
33,316. 
1,110.2 .033322 


33.306 99965 


FUNDAMENTAL DATA OF STANDARD TON OF REFRIGERATION, 


Cubic Temp., Gange 
Pe. 


TIME. Feet. Pounds B T U's Units of Tons of 


Pressure Evap Refrig. 
18, 572.78 .001988 

Per 24 hre.. 9,050 58 288000 1. 

Per hour,. 377.10 20, 12.000, 

Ver minute.} 6.285 wh | 200. 


15.67 288,000, 502.81 

‘er hour...| 243.78 15.67 (6°F 12,000. 20.951 

ler minute.| 4.063 15.67 200. 
| | 


British Thermal Units Basis of Standard Ton of Refrigera- 
tion (proposed). 


5. The number of negative British thermal units in a pound 
f ice melted from and at 32 degrees Fahr. being taken at 144, 
ie heat units per ton of 2,000 pounds is 288,000, which value 

33 


| 
1 212 0 
34.5 212 0 
1 100 70 
30 100 70 
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has been recommended by the committee appointed by this so- 
ciety, as a basis for a Standard Ton of Refrigeration. 
6. There being twenty-four hours in a day, the number of 


negative British thermal units per hour to equal the rate of 
288,000 

one ton of refrigeration per twenty-four hours is 24 = 
1,200 = K (1); and there being 1,440 minutes in a day the num- 
ber of negative British thermal units per minute to equal the 
rate of one ton of refrigeration per twenty-four hours is 
288,000 200. (2) 

1,440 

7. The number of pounds of any given refrigerating medium 
to be evaporated per hour to produce refrigeration at the rate of 
one ton per twenty-four hours is obviously the constant A = 1,200 
divided by the cold producing effect of one pound of the liquid. 

8. In general the process of mechanical refrigeration consists 
of utilizing the heat to be removed from the cooled space, to 
evaporate some volatile liquid such as anhydrous ammonia, ear- 
bon dioxide, etc., at the comparatively low temperatures at which 
it can be made to boil at convenient pressures, and in subsequent 
manipulation to raise the potential of this heat to such an altitude 
that a large per cent. of it is able to gravitate away at the higher 
level. The amount of heat which cannot escape from the work- 
ing medium, depends upon its specific heat and its absolute tem- 
perature. Before useful work of refrigeration can be done there 
must first be evaporated a sufficient amount of the liquid to chill 
the remainder down to the temperature of the cooler, and the 
amount of negative heat required for this process is the difference 
in the heat of the liquid under the two conditions, and is denoted 
by (Qap — Qzp). The amount of refrigeration available for use 
ful work per pound of liquid is obviously the latent heat of vola 
tilization minus the refrigeration exerted on the liquid itself, and 
is numerically equal to Rap — (Que — Qar), where Rap is the 
latent heat of the liquid at pressure zr. Similarly the num 
ber of pounds of the working medium to be evaporated per hour 
from liquid in the condition ap into saturated vapor under th 
condition gp to produce one ton of refrigeration per twenty-fou 
hours is 
K 


Rep — (Que — (3) 


| 
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“From and at” Basis for Steam. 


Tn the case of computations having to do with steam boiler 
‘apacity, the complications arising from heating the feed water 
up to the temperature of the steam within the boiler, and the fact 
that the latent heat of volatilization varies with every change in 
pressure are avoided by the use of the “ from and at 212 degree ” 
standard. Equation three given above can be greatly simpli- 
fied by pursuing a similar course. If the liquid is already at the 
temperature at which it is to be evaporated ((#p — (xr) becomes 
zero, Which means that the whole refrigerating effect due to the 
latent heat of volatilization of the liquid will be exerted in useful 
work, in which case the final form of the equation (3) is 


A 


Bap 


P 


Working Medium. 


9. Up to this point the refrigerating medium has not been de- 


fined, but since no two liquids have the same properties, further 
computations will have to be based on properties peculiar to some 
given liquid or liquids. As anhydrous ammonia is the medium 
with which the profession is most familiar, this paper will deal 
exclusively with that liquid, it being understood, however, that 
similar caleulations might just as well have been made for any 
other liquid. 


Standard Conditions. 


10. A temperature of 90 degrees for the liquefaction of the 
ammonia gas in the condenser and 0 degrees Fahr. for the tem- 
perature of evaporation of the liquid ammonia in the cooler, has 
been suggested by the “standard ton” committee as being the 
most suitable standard temperatures under which the standard 
ton of refrigeration should be produced, 


Refrigeration Expended on the Liquid. 


11. The latent heat of volatilization of anhydrous ammonia at 
0 degrees Fahr. is 555.50 British thermal units. Assuming its 
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specific heat to be 1.2345 the amount of refrigeration necessary 
to cool the liquid from 90 degrees Fahr. to 0 degrees Fahr. will 
be (Qap — Qasr) = (Tur — Tar) S = 90 x 1.2345 = 111.10 and 
555.50 — 111.10 = 444.40, the net number of British thermal 
units of negative heat available in a pound of liquid evaporated 
under standard conditions.* On this basis the evaporation of 27 
pounds of ammonia per hour, or 648 pounds per day, would be 
equivalent to one ton of refrigeration per twenty-four hours. 


Factors of Equivalent Evaporation. 


12. In the case of steam the factor of equivalent evaporation 
from and at 212 degrees Fahr. is the ratio of the amount of heat 
required to evaporate a pound of water from any given feed 
water temperature 7’, into steam at any given gauge pressure P, to 
965.7 (the number of British thermal units in a unit of evapora- 
tion), the latter being the latent heat of steam at 212 degrees 
Fahr. By multiplying the amount of water evaporated under 
any given set of conditions by the proper factor of equivalent 
evaporation, we at once arrive at the amount of water which 
would have been evaporated had the same amount of heat been 
expended in evaporating it under the standard conditions of 


*A standard unit of refrigeration, such as this Society is seeking to establish, 
should first of all be a commercial unit and need not necessarily stand for 
absolute physical and mathematical accuracy. While agreeing very closely with 
the average of several determinations, 144 British thermal units, for example, 
ean hardly be expected to be the absolutely correct value for the ja‘ent heat of 
ice, but the advantage which the engineer finds in the fact that with this value. 
the rate of one ton of refrigeration or 288,000 British thermal units per 24 hours 
of 1440 minutes, corresponds exactly with 12,000 British thermal units per hour 
and 200 British thermal units per minute, is of far more commercial value than 
absolute accuracy bought at the price of more unwieldy whole numbers with 
long decimal appendages. 

The value 1.2845, used as the specific heat of liquid anhydrous ammonia (para- 
graph 11), gives peculiarly simple and easily remembered results. The number it- 
self is composed of the first five numerals, which when multiplied by the difference 
in degrees between the recommended standard condenser and refrigerator tempera- 
tures gives 111.1, a number composed of four ones, which subtracted from the 
latent heat of vaporization for anhydrous ammonia at 0° F—555.5, a number 
composed of four 5's, gives asthe net number of British thermal units available per 
pound of liquid evaporated under standard conditions 444.4, a number composed 
of four 4’s, The value 1.2545 is a pure assumption, not claimed to correspond 
with average determinations, but, being approximately accurate, is introduced on 
account of the advantages offered by the strikingly simple results entailed by its 
use. 
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“ from and at 212 degrees Fahr.”’ If in the above ratio, instead of 
using 65,7 (the number of British thermal units, required to 
evaporate a pound of water from and at 212 degrees), 1110.2 
(the number of British thermal units necessary to evaporate a 
pound of 100 degrees water into 70 pound steam), had been used, 


the resulting quotients would have been fuctors of equivalent 


¢ vaporation Strom 100 a qrees and at 70 pounds pre SSUTLC. Com- 
plete tables of both these factors have been caleulated, and while 
100 degree water, evaporated into 70 pound steam, more nearly 


approaches practice than 212 degree water evaporated at atmos- 
pherie pressure, vet practice has voted almost unanimously in 
favor of the 212 degree standard. 


“ From and at” Basis for Ammonia. 


13. In practice we often find refrigerating liquids being evap- 
orated at atmospheric pressure, a condition which has compara- 
tively little application in the case of steam. Atmospheric press- 
ure and corresponding temperature may, therefore, be used even 
more rationally as standard conditions in the case of refrigera- 
tion, than in that of steam. Under such conditions equation (3) 


A 


Pere — — 
when applied to ammonia becomes 


1,200 — 90.950 
R- 572.78 
which is the number of pounds of ammonia per hour evaporated 
“from and at” minus 284 degrees Fahr. and atmospheric press- 
ure, to be equivalent to one ton of refrigeration per twenty-four 
hours. Multiplying both numerator and denominator of the right- 
hand member of equation (3) by R —.s5 gives— 
p=. 
=R ep — — Yer) 
the first term of which we recognize as equation (3) applied to 
evaporation from and at — 284 degrees Fahr. and atmospheric 
pressure, and the second term of which, is the ratio of the amount 
of heat required to evaporate one pound of anhydrous ammonia 
from and at — 284 degrees Fahr. and atmospheric pressure, to 
that required to evaporate it from the liquid condition, “Pp into gas 


| 
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of a pressure zr, and is therefore an expression for F’, a factor 
of equivalent evaporation for ammonia from and at+— 284 de- 
grees Fahr. 


Example. 


14. Assuming the recommended standard conditions of 90 
degrees Fahr. for the temperature of liquefaction, and 0 degrees 
Fahr. for the temperature of volatilization and substituting in the 
expression for the factor, 


R 38 


becomes 


Rep — | (Jap — (BP) 555.50 — 111.10 


which is a factor of evaporation from and at — 284 degrees for 
the standard conditions and means that the refrigeration pro- 
duced by the evaporation of one pound of ammonia from and at 
284 degrees, would be 1.2888 times as much as when evaporated 
from liquid at 90 degrees Fahr. into vapor at O degrees Fahr. 
(15.67 pounds gauge pressure), and conversely if, as has been 
shown above, 20.950 pounds of ammonia must be evaporated 
per hour from and at — 284 degrees Fahr. to produce a ton of 
refrigeration per 24 hours, 1.2888 x 20.950 = 27,000 pounds, 
as already determined, must be evaporated from 90 degrees liquid 
into gas at 15.67 pounds gauge pressure (0 degrees Fahr.). 

15. Further numerical substitutions, of Q and R values cor 
responding to any given conditions of temperature and pressure 
(these taken from tables of properties of saturated ammonia), 
give corresponding factors of equivalent evaporation a number 
of which, covering practical commercial conditions have been 
calculated and are given in Table II. (Factor A.) 

16. Numerical substitution in equation (3) gives the number 
of pounds of anhydrous ammonia to be evaporated per hour from 
a liquid temperature zp into a saturated gas at any pressure ?/ 
to produce refrigeration at the rate of one ton per twenty- 
four hours. These factors (B, Table IT.), are figured on the basis 
that 288,000 British thermal units is the equivalent of a ton of 
refrigeration, but owing to the lack of agreement among au 
thorities regarding the value of the specific heat of anhydrou 
ammonia, ifs value has been taken as unity. Factors C, Tab! 
II., are the volumes in cubic feet per minute of saturated g: 
which must pass through the compressor to produce a ton of r 
frigeration per twenty-four hours. 
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TABLE II. 


A Factors of equivalent evaporation for V//, * from and at‘ —28)° F 
B~ Pounds of ammonia to be evaporated per minute at various back pressures from liquid at 
various temperatures to equal the rate of one ton of refrigeration per 24 hours 
C— Cubic feet of ammonia gas to be handled by compressor per minute to produce refrigeration 
at the rate of one ton per 24 hours 
— x 144 = 2000 


B, Pounds of ammonia 


A, Factor - 
Yar) 1440 App — 


(Data from De V. Wood's Ammonia Tables.— Computed by F. E. Matthews, Refrigerating Enq. 


HP. Mead Pressure, Condenser or Gauge Pressure and Corresponding Temperature 


110 120 | 130 140 150 160 170 180 190 200 
| Ib ib ib ) ib lb b ) lb 
| | 


6s 72.6° | 77.4° | 80.3° | 83.8° | 87. W.8° | 93.82 | 96.9° 100 


926 1.2145) 1. 1.2347 1.2441 1.2533 1.2625 1.2716 1.2804 1.2892 
1190) 4240) 4284) 3) 4440 4470) .4501 


7.903 812 17.8% 7.029 (7.986 8.041 8.095 
1.2094)1 215412931 1.29411 1.2594 1.9680 1.2767 


4160 4208) 4243) 4271 335| .4366) .4397 4458 


1 
66.081 


Vapor per 


28 2417 1.2501 1.2 
4211 .A2 276) .4288, . 4305 
3.889 3.918 [3.4 3.975 030 
1677111789) MT 1.2 32 
40) 407% 4214) . 333) .4362 5.66° 


3.324 3.35 


202 
.410s 4: 
OBS [2.059 3 3.020 


1983)1.2 1. 2152 1.228 1.2399 
ite 1300) .4320 
2.615 |2.633 2.65 2.687 (2.706 

| | | 
5 1.16441. 1758/1, 1827/1. 1916/1. 2008 1, 2085 1,216 2249 1.2330 
4006 4105 4130) .4161) .41 £4305 


2.302 (2.925 [2.338 (2.356 |2.373 (2.390 2, 2.422 (2.443 


Bac k Pressure 


BP. 


| 
1, 2062 1.2145 1.2295 1.2308 
"4058) 4008) (4122) 4153] (4183) 14211 14240) 14269 
2°000 /2.111 2.139 [21155 21175 21185 21200 2 214 


| 


= /539.35 
= 
| 10 


(Data from De V. Wood’s ammonia tables recalculated by Geo. 
Davidson, M.E.—Compend of Mechanical Refrigeration.) 


Proposed Equivalent Standard Units. 


17. On a basis similar to that of the present boiler horse- 
power of 30 pounds of water evaporated per hour from feed 
water at a temperature of 100 degrees Fahr. into saturated steam 
at 70 pounds gauge pressure, which requires 53,306 British ther- 
mal units of heat or 34.5 units of evaporation, each of which is 
equal to 965.7 British thermal units—the amount of heat re- 
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l 100 Temp : 
Ib 
BP 63.5 
7 482 \ 
= 1.1806 ) 
z 5 5.635 |5.675 |5.732 |} 
1560.69 1.17211, 18201 ) 
4093) ~— 8.5 ia 
1.502 [4.543 \ 
| 
= 556.11 
.1083 
15 
552.8 
> |. 1258 
Ww 211 41 Ty 
548.40 1. 1520/1. 1634/1, 1 11.2442 
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1600 4013, 16,8° 
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quired to evaporate one pound of water from and at 212 degrees 
and atmospheric pressure—may be established a Standard Ton of 
Refrigeration, equivalent to 27 pounds of anhydrous ammonia 
evaporated per hour from liquid at a temperature of 90 degrees 
Fahr. into saturated vapor at 15.67 pounds gauge pressure (0 de- 
grees Fahr.), which requires 12,000 British thermal units of heat or 
20.950 units of evaporation, each of which is equal to 572.78 
British thermal units—the amount of heat required to evaporate 
one pound of ammonia from a temperature of — 284 degrees into 
saturated vapor at atmospheric pressure. 


Nominal Rating. 


18. While the equivalent of the evaporation of 30 pounds of 
water and 27 pounds of anhydrous ammonia under their respec- 
tive standard conditions furnish convenient numerical means of 
arriving at the actual performance of a steam boiler and a re- 
frigerating machine respectively, when they are in operation and 
the amount of the working medium can be measured, commer- 
cial practice demands for both systems a means of calculating, 


at least approximately, their capacity when not in operation or 
when the exact amount of the working fluid actually evaporated 
cannot be directly determined. Such a demand in the ease of 
the steam boiler has led to the establishing of square-foot ratings 
based on the physical ability of the boilers of the various types 
to produce standard thermal units of boiler capacity, these square- 
foot standards being used to determine what is known as the nom- 
inal or builders’ rating. Had the question of * Standard Unit of 
Refrigeration ” been likewise considered independently from that 
of nominal or builders’ rating, much of the chaos resulting from 
confusion of the two subjects might have been avoided. 


Metering Vapors of Water and Ammonia. 


19. Unfortunately the amount of ammonia evaporated in a re- 
frigerator cannot be so easily determined as the amount of water 
evaporated in a steam boiler. If, for any reason, however, w: 
were unable to determine the performance of the boiler by th 
amount of water going into it, we would naturally try to deter 
mine its capacity from the amount of steam coming out of it 
For this purpose we might employ a steam meter and if thi 
proved unreliable we would probably compute the steam consumyp 


| 

i 
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tion of the various engines drawing their supply from the boiler 
in question. This we would accomplish by means of a series of 
carefully taken steam indicator cards. A similar course is open 
in the case of compression refrigerating systems with the advan- 
tage that intelligently interpreted ammonia cards are far more 
accurate than steam cards, as an index to the number of pounds 
of the working medium which passes the cylinder. As very few 
plants have ever been equipped with meters for measuring the 
amount of refrigerating liquid, and as the accuracy of such in- 
struments when applied to liquids often in a boiling condition, 
may well be questioned, the use of the compressor as a meter, 
after it has been carefully callibrated by frequent indicator cards 
seems to be the only alternative. 

20. Were it possible to construct a compressor, the effective 
cubical gas displacement of which, at the cooler back pressure, 
would equal the volume swept out by the piston, there would be 
no use for the indicator card, and, similar to the square-foot rat- 
ings laid down in the case of steam boilers, a standard unit of 
nominal refrigerating capacity could be established on the simple 
basis of cubical compressor displacement in the case of the com- 


pression machine and cubical ammonia pump displacement coupled 
with factors involving the strengths of the ammonia liquors in 
the ease of the absorption plant. 


21. In practice, however, slippage in the ammonia pump entails 
an error of uncertain magnitude, and difficulties no less formidable 
arise in the ease of the compressor. On account of re-expansion 
of high pressure gas filling clearance spaces and the resistance 
which the pipes, valves and port openings offer to the passage of 
the low pressure gas entering the compressor cylinder, the sue- 
tion valves do not open to admit the fresh complement of gas 
until the piston has advanced some distance from the end of stroke, 
and the pressure of the gas within the cylinder is often appreci- 
ably less than that in the cooler. The existence of these conditions 
demands that, in connection with the apparent cubical displace- 
ent of compressors there be employed “ factors of displacement 
cflicieney ” based on actual observations of the performance of 
the various machines. 


Effective Displacement. 


22. In the past, general practice has been to combine the loss 
due to imperfect cylinder fillment with that due to the refrigera- 


7 
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tion that has to be expended on the liquid itself in order to cool 
it down to the temperature of the cooler, and eall the whole 25 
per cent. of the apparent capacity, thus erroneously assuming the 
efficiency of all systems to be 75 per cent. under all conditions. 
It is interesting to note that the efficiency shown by the indicator 
diagram analyzed below, saying nothing about cooling the liquid 
and other lesser inherent losses, is little above the conventional 75 
per cent., and this under conditions of speed and condenser press- 
ure most conducive to high economy. 

23. The indicator diagram shown in Fig. 192 is a reproduetion 
of an actual card taken from an old stvle 13 by 38-inch horizontal 
machine running 45 revolutions per minute. This card was 
selected on account of the great re-expansion that it shows, which 
while the head pressure is only about six atmospheres, and the 
back pressure is about one and one-half atmospheres (conditions 
very favorable for compressors of such faulty design), the effect 
of re-expansion is sufficient to keep the suction valves closed 
through the first 11.4 per cent. of the stroke. 


Calculating Clearance. 


24. While the example given in the following paragraph is 
somewhat of a digression, the method employed in ealeulating 
the clearance based on the assumption that the re-expansion is 
adiabatic may be useful in working up indicator ecards which show 
a considerable re-expansion. 

25. If Pand V (Fig. 192) denote absolute pressure and volume at 
point A, and 7, V, denote similar absolute pressure and volume 
at B, the equation of an adiabatic through these two points wil 
be = V at A, however, is the actual unknow: 
clearance, which may be denoted by 2, and V, at 7 is the actua! 
clearance x plus re-expansion = # + 11.4 per cent. Substituting 
these values as well as those for the absolute pressures in the 
equation of the adiabatic, 7? V'* = becomes (72 + 15), 
= (4.78 + 15) (11.4 + a)'", which by dividing both sides of th. 


114+2\'% 
equation by 19.78'* becomes 5 = and by 
/ 


d 


raising both sides of the equation to the — 1.3 power we hav 
87 769 +. ¢ 
from which # = 5.370, the per cent. actual clearance, which can b 
laid off to scale at the right of the diagram, Fig. 192. 


| 
| 
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Fuetor of NOY. 


26. Asa simple engine room method of determining the effee- 
tive displacement of a compressor, which is virtually the ratio of 
the actual to the apparent weights of ammonia handled by the 
machine, and may be taken as a “ factor of efficiency,” the follow- 
ing method is proposed. 


27. For all practical purposes the weight of ammonia gas may 


GRAPHICAL METHOD FOR DETERMINING FACTOR OF EFFICIENCY 
OF A COMPRESSOR 


Line of Condenser Pres, 72 


Spring 40, 
R.P.M. 45. 


Clearance Line 


Factor of Efficiency —.86"x 88.6 


Arca B 


Factor of Efficiency 


Fie. 192. 


be said to be proportioned to its absolute pressure, and within nar- 
row limits the amount of refrigeration represented in a eubie foot 
of ammonia gas must, therefore, likewise be proportional to the 


ibsolute pressure. In Fig. 192, lines ab, ed and ef, represent the 


‘ines of actual back pressure, absolute vacuum, and back pressure 
within the cylinder respectively, the actual absolute back pressure 
being 23 pounds per square inch and the back pressure within 
ie cylinder being 19.78 pounds, or only 86 per cent. as great. 


t] 
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The weight of the ammonia gas per cubie foot within the cylinder 
is, in accordance with the foregoing assumptions, only 86 per 
cent. of that in the suction line outside the compressor valves. 
The point B at which the suction valve opens to admit cold gas 
to the cylinder is found to be 11.4 per cent. of the length of the 
cylinder from the end of the stroke, and since at this point the 
eylinder is filled with hot gas at the pressure of the incoming cold 
gas, the per cent. volume of the cylinder remaining to be filled by 
the incoming gas will be reduced to 88.6 per cent. Combining 
the fact that the compressor is taking in only 88.6 per cent. as 
many cubie feet of gas as is swept out by the piston, with the 
fact that each cubic foot of the gas effectively displaced weighs 
only 86 per cent. as much as we would expect from the actual 
observed back pressure, would give as a “ factor of efficiency,” 
of the compressor 0.86 x 88.6 == 76.19 per cent. Graphically the 
problem lends itself to a very simple solution. The apparent dis- 
placement of the compressor in pounds is proportional to A the 
area of the rectangle abdec—in which ab represents the length of 
the cylinder and is proportional to the volume swept out by the 
piston per stroke, and bd represents the absolute back pressure 
and is proportional to the weight of the ammonia gas per cubic 
foot in the cooler. Similarly the actual displacement of the com- 
pressor in pounds, is proportional to B the area of the rectangle 
efgc, in which ef represents the volume of cold gas taken into the 
cylinder and fg represents the weight of gas per cubie foot within 
the cylinder. The ratio(/A) of the areas of these two rectangles, 
which may be computed from their lineal dimensions measured 
with an ordinary scale and expressed in any units whatsoever, 
gives the per cent. effective displacement of the compressor. 
Although this factor does not take into account cylinder heating 
and other lesser sources of inefficiency inherent to the compressor, 
it does account fairly accurately for the principal ones, and best 
of all it involves no lengthy mathematical process, but on the 
other hand can be employed by any one who can measure accu- 
rately with a scale and can multiply and divide. To be mathema 
tically correct the factor should be corrected for some standard 
head and back pressure such as already suggested, viz: 168 and 
15.67 pounds corresponding to 90 degrees and 0 degrees Fahvr. 
respectively. Since the error arising from the use of the uncor 
rected factor of displacement efficiency varies as the differenc: 
between the observed and the standard conditions and, as the lat 
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ter are supposed to correspond with the average of the former, 
the error introduced by using the uncorrected factor can, in the 
majority of cases, be brought within the error of the observations 
by slightly manipulating the pressures while the cards are being 
taken. Under these conditions, as has been shown above, 27 
pounds of ammonia must be evaporated per hour to produce one 
ton of refrigeration per twenty-four hours. The volume per pound 
of saturated gas at 15.67 pounds pressure being 9.028 eubie feet, 
243.75 eubic feet per hour or 4.06 eubie feet per minute must 
be passed through the compressor for each ton produced. 

28. Since the number of eubie feet of piston displacement of 
a given compressor varies with its factor of efficiency, various 
types of compressors should be given factors according to their 


efficiency in handling gas just as various types of boilers are given 


square-foot ratings according to the efficiency of their heating sur- 
faces in transmitting heat. The following simple example, in 
which is caleulated the capacity, under the proposed standard con- 
ditions, of the compressor from which the indicator diagram (Fig. 
192) was taken, will suffice to illustrate the application of the 
method. 
By interpolation from Table II the number of pounds of am- 

monia per minute from 90 deg. liquid to 0 deg. gas to equal 

the rate of one ton of refrigeration per twenty-four hours, is 

found to be 
At this pressure the corresponding volume is.................. 3.857 cu. ft. 
Piston speed in feet per minute of a 38-inch stroke machine run- 

ning 45 r. p.m. (See Table ITI) 
Volume in cu, ft. swept out by piston per foot of travel. 

Volume in cu. ft. swept out by piston per minute = 284 feet of 

travel 
Per cent. of effective displacement of compressor determined by 

graphical method shown in Fig. 192 
Effective gas displacement in cu. ft. per minute 76.19 « 559.19 = 426.047 
Capacity in tons per twenty-four hours under standard condi- 

426 . 047 
8.853 

29. The equivalent performance under any other conditions 
such as 300 feet per minute piston speed, 150 pounds head press- 
ure and 15 pounds back pressure will be proportional to the direct 
ratio of the piston speed and the inverse ratio of the volumes of 
gas, as given in Table II., required per minute per ton. Numer- 
ically this would be— 
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30. No general cubie foot rating will apply accurately to all 
machines, hence for accurate determinations it would be 
sary to employ a “ factor of efficiency,” a proposition for 


the writer has described above. The very nature of such a factor 


CUBICAL DISPLACEMENT OF COMPRESSORS OF VARIOUS SIZES—CUBIC 
PER Foor oF Piston TRAVEL.—F. E. 


Plus 4 Inch. | Plus Inch. | Plus 


1 
1 


1.44024 1.48488 1.52021 
1.62300 1.67028 1.71840 
1.81650 1.86672 | 1.91748 
2.02116 2.07396 | 2.12748 
2.18656 2.29212 | 2.34840 


2.46288 2.52120 2.58012 
2.70072 | 2.76120 2.82280 
2.94828 3.01200 3.07644 
8.20736 3.27364 8.34104 
3.47736 3.54666 3.61644 
3.75828 3.83016 3.90276 
4.05000 4.12476 4.20000 
4.35276 | 4.43016 4.50816 
4.66632 | 4.74648 4.82524 
4.99092 5.07372 5.15724 


neces- 


which 


FEET 


MATTHEWS. 


34 Inch 


00852 .01224 | .01668 
02766 03408 | 04128 
05760 06684 07668 
09852 11040 | 12300 
15086 . 16500 18026 


.21300 28040 | 24852 
28608 30684 | 32760 
87128 39408 | 41760 
46668 49224 | 51852 
57300 60132 | 53024 a 


69024 72132 | T5800 

“81850 85224 “88668 a 
95760 . 99396 1.03116 
.10748 1.14672 1.18556 

26840 1.31040 | 1.35300 


ould undoubtedly lead to endless controversy 
of various types of machines, and a liberal compromise will have 
'o be made along the lines of assumed efficiency. Until such fae- 
‘ors can be agreed upon an assumed efficiency of ninety per cent. 
night be involved in the use of 4.4 cubic feet of gas per minute 
jer ton under the standard conditions. The curves in Fig. 193 
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show how nearly 4.4 cubie feet per ton corresponds to the ratings 
employed by four of the best known builders of refrigerating 
machinery. 

31. The most difficult factor encountered in establishing a basis 
for a nominal or builders’ rating is that of standard speed. Since 
there is less variation in piston speed than there is in revolutions 
per minute among the various machines, it would seem advisable 
to use piston speed as the basis of our calculations. — ,: Fig. 
193, shows the average of the four piston speed curves, 1, B, C and 
D—these being plotted from the present practice of ve the 
best known builders. By means of the straight lines emanating 
from these curves, the amount that the present ratings would be 
effected by making the curve the basis of piston speeds is easily 
determined. For example point a on curve A represents 125 tons 
or A’s rating of a certain machine at a piston speed of 342 feet per 
minute, but since A’s displacement rating is less than the sug- 
gested 4.4 cubic feet per minute per ton a new rating based on 
this displacement and the same piston speed would give a’ or 209 
tons and similarly another new rating based on 4.4 cubie feet, 
and an average piston speed determined from curve X as given 
in table V. would be a” or 193.5 tons. The exact effect of this 
basis of rating on the present ratings of the various machines, 
from which the curves A, B, C and D (Fig. 193) were plotted, is 
shown in Table VI. From Fig. 193 it will be noted that when the 
lines connecting the present to the new ratings slant toward the 
left, it indicates that their ratings have been decreased, and when 
these lines slant toward the right, that they have been increased . 
by the basis proposed. 

32. While it is not claimed that this particular curve, although 
showing the average practice of four of the best known build- 
ers, two being of double and two of single acting machines, 
should be adopted as the basis from which to figure piston speed, 
it is intended to show the necessity, and possibly suggest a method 
of establishing a standard which shall vary with the size of the 
machines and not distort the ratings as would the use of a con- 
stant piston speed or a constant number of revolutions per minute, 
for machines of all capacities. 

33. In establishing a standard of builders’ rating, something 
simple must be agreed upon, so that it may be readily employed 
by the engineer, the builder and the customer, and above all it 
should conform as closely as practicable to good average practice. 

34 
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34. The ideal method of determining the temperatures is by 
means of thermometers inserted in the liquid and the return lines, 
which method would eliminate the guesswork connected with 
liquid temperatures corresponding to head pressures, temperatures 
of condensing water, ete. With this in view the writer is offering 
the following basis of nominal rating based on the standard ton 
of 288,000 British thermal units per day, 12,000 British thermal 
units per hour and 200 British thermal units per minute, equiva- 
lent to the evaporation of 27 pounds of anhydrous ammonia per 
hour from the standard condition of 90 degrees liquid into 0 de- 
grees saturated gas. 

I. Piston speeds in feet per minute equal or similar to those 
given in Table V. 

II. An apparent compressor displacement of 4.4 cubie feet per 
minute per ton, this corresponding to a compressor efficiency of 90 
per cent. under standard conditions. The equivalent performance 
of the machine, when working under other conditions, being brought 
to this basis by the use of factors found in Table LI. according to 
an example already given. 


DISCUSSION. 


Prof. F. PR. Hutton.—I would call attention to the fact that 
the Society has in session a committee discussing this question of 
standard unit of refrigeration for the purpose of presenting a 
report and recommendation, and that this paper, before being 
presented at the present meeting, has been referred to that com- 
mittee and has been approved by them, with the hope that a 
discussion of the question might throw further light on the sub- 
jects considered in the committee. 

Mr.Wm. D. Fnnis.—In paragraph 11 Mr. Matthews assumes 
the specific heat of anhydrous liquid ammonia between zero and 
90 degrees Fahr. to be 1.2345. What is the authority for this 
value?* Von Strombeck (Jour. Frank. Jnst., Dec., 1890) found 
mean value of 1.22876 between 62 degrees and 31 degrees Centi- 
grade. Ludeking and Starr (Am. Jour. of Science, II1., 45,200) 
report 0.886. Professor Wood (Zhermodynamics, seventh ed., 
page 337) deduces the value 1.093 at a temperature of 34 de 
grees Fahr. below zero; the same authority gives for the specific 


* See foot-note, p. 508. 
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heat of the liquid at any temperature 7 degrees Fahr., 1.096— 
0.0012 7'(Trans. A. S. M. E., vol. 10, p. 645) and, at a later date, 
1.12156 4+0.000438 7 (Trans. A. 8. M. E., vol. 12, p. 136). Ledoux 
gave the formula 1.0058 +0.003658 ¢, in which ¢ is the temper- 
ature, Centigrade. In 1897, the late Mr. L. A. Elleau and the 
writer made nine determinations of the specific heat at temper- 
atures between zero and 20 degrees Centigrade (Jour. Frank. 
/nst., April, 1898). The values obtained ranged from 0.83 to 
1.056, the average being 1.02. The probability of error in this 
or any previous determination is so large that two decimal figures 
are all that can be asserted with precision. It would appear that 
the value of the specific heat varies quite widely with the temper- 
ature; although so wide a variation as exists between the figures 
of Von Strombeck and Ludeking and Starr seems improbable. 
The value used by Mr. Matthews seems to be higher than any 
that has previously been calculated or determined by experiment. 
The value of the specific heat of the liquid is not a large factor 
in calculations in refrigeration; but no correct table of evapora- 
tive factors is possible without it, especially as its ratio to the 
latent heat is about double that of water to its latent heat, and 
its variation with the temperature is large. 
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No. 1080.* 


CAN A STEAM TURBINE BE STARTED IN AN EM- 
ERGENCY QUICKER THAN A RECIPROCATING 
ENGINE OF THE SAME POWER.+ 


BY A. 8. MANN, SCHENKCTADY, N. 


(Member of the Society.) 


1. If a large steam turbine is cold and at rest how quickly can 
it be started? Can it be brought up to speed as readily as can a 
good cross compound engine that is cold all over? 

2. Most station men would have doubts as to the adaptability 
of the large turbine, say 1,500 kilowatts or 2,250 horse-power, for 
emergency work. So much has been written about the sensitive- 
ness of a rotating disc to the changes of temperature and the 
effects of unequal expansion that it is easy to imagine difficulties 
in the rapid start. The possibilities of an engine with a 62-inch 
low-pressure cylinder in starting practically cold and coming up 
to synchronous speed are well understood. A station manager 
would criticise an engineer who would open his throttle as fast 
as he dared without wrecking his piping system and let his ma- 


*Presented at the Scranton meeting, June, 1905, of the American Society of 
Mechanical Engineers, and forming part of Volume XXVI. of the Transactions. 
+ For further discussion on this general subject consult Transactions, as 
follows : 
No. 345, vol. 10, p. 680: ‘* Notes on Steam Turbine.” J. B. Webb. 
No. 648, vol. 17, p. 81: ‘‘Steam Turbine.” W. F. M. Goss. 
No. 876, vol. 22, p. 170: ‘‘ Steam Turbine.” R. H. Thurston. 
No. 987, vol. 24, p. 999: ‘‘Steam Turbine from Operating Standpoint.” F. A. 
Waldron. 
No. 1087, vol. 25, p. 716: ‘‘Some Theoretical and Practical Considerations in 
Steam Turbine Work.” Francis Hodgkinson. 
No. 1038, vol. 25, p. 782: ‘‘ Different Applications of Steam Turbines.” A. 
Rateau. 
No. 1046, vol. 25, p. 1041 : ‘‘ Steam Turbine in Modern Engineering.” W. L. R 
Emmet. 
No. 1047, vol. 25, p. 1057: ‘‘ De Laval Steam Turbine.”” E. 8. Lea and E. Meden. 
No. 1072, vol. 26, p. 388: ‘Condensers for Steam Turbines.” Geo. I. Rock- 
wood. 
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chine jump into her work. One turn at a time on the throttle is 
about all that is considered safe, and even then a close watch is 
kept for groaning valves and cold back bonnets. 

3. Every time the starting valve is moved to increase the steam 
flow the engine is allowed to take its full increment of speed, due 
to that particular throttle position before the supply valve is 
moved a second time. There are ten large oil cups, and frequently 
more, that must be opened and adjusted before the machine moves 
at all, beside whatever oiling is to be done about the air pumps and 
other auxiliary apparatus. 

4. Most engineers would consider ten minutes as rather a fast 
start and fifteen minutes as a more usual starting period, includ- 
ing time taken for warming up; in fact, it may not be overstating 
the case to say that if it were known that an engine driven plant 
were to be called upon in emergency for power and it were essen- 
tial that the briefest possible time were to elapse between the 
call and the taking of the load, one or more engines would be kept 
in motion all the time, turning slowly and hot all over. 

5. This question makes itself very prominent when the steam 
station is operated as an auxiliary to a large source of high tension 
power, which is itself in the construction stage and has a large 
overload capacity of its own to carry, supplying all sorts of ap- 
paratus that use electric power, railway, lighting and power cir- 
cuits simultaneously. 

6. At such a time all sorts of accidents will happen to the high- 
tension water driven plant, most of them due to the necessarily 
temporary character of many of the electrical connections. — It 
takes months before an intricate system of wiring can be thor- 
oughly relied upon, for it takes months before the temporary work 
of construction can be replaced. 

7. The station at present under consideration is equipped with 
three Curtis turbine driven alternators, 40 evele, 10,000. volts, 
each of 1,500 kilowatts normal capacity. During the summer 

months the station is operated as an auxiliary to a water power 
plant, taking all sudden overloads. 

8. A signal has been arranged, a }-inch whistle, so that it can 
be blown instantly should the power fail. A blast of that whistle 
ieans—cut in two turbines and bring the third up to speed. The 
load will be heavy, and all auxiliary apparatus must be in regular 
operation. 

9. Each turbine has a surface condenser and there are three 
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or four pumps to be started for each pair of turbines; one circu- 
lating pump, one combined Hot-well and feed pump, one pressure 
pump for the step bearings and one dry air pump, all of which are 
motor driven. The exciter is driven by a steam engine and must 
be started also, for it supplies current to a portion of the auxiliary 
apparatus. 

10. The boiler room has steam up at all times, supplying a sys- 
tem for manufacturing purposes other than power, and slow fires 
are kept in enough boilers to make steam needed for the normal 
load. Forced load means forced fires. The boilers have under- 
feed stokers, equipped with pressure blast, and will respond 
quickly to a 50 per cent. excess call for steam. The operating 
force for this is about equivalent to a force for an engine driven 
plant. Engineers and oilers, however, are busy about the build- 
ing on construction work, installing new apparatus and taking 
such work as their regular occupation when the turbines are not 
running. 

11. At the sound of the whistle the water tender starts a blower 
on the extra row of boilers: all blast dampers are opened up and 
all stokers are allowed to feed at the maximum rate. Each fire- 
man dumps his free ash and bars over his red fire. 

12. The man in charge of the coal and ash conveyor starts the 
pressure pump for step bearings. One of the turbine men starts 
the exciter which supplies current to the auxiliaries beside its 
field current; a second turbine man starts the circulating pump 
and then his turbine. The hot-well pump and the air pump are 
started by the oiler. These movements take place simultaneously. 
The force is organized upon the lines that obtain in a fire station; 
each man has his specific duty, and after performing it looks to 
see that there is nothing more for him to do. Only a few seconds 
elapse between starting the first pump and starting the first tur- 
bine. 

13. The turbine throttle is opened as fast as an 8-inch steam 
valve can be opened without endangering the steam piping system. 
It is not considered advisable to open the throttle valve as fast as 
a man’s strength will permit; but if nothing unusual occurs in 
the pipe line, sentiment does not spare the turbine. 

14. One electrician attends to the switchboard and telephone. 
As soon as the machine approaches speed, the synchronizing sys 
tem is cut in and the main switches are got ready. One and one 
half minutes will do all the work here outlined, including the tim: 
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taken in mustering the crew from various parts of the building, 
itself not a trivial matter. 

15. Manipulating an engine regulator so that it shall be at a 
precise speed and at an exact phase relationship from some other 
machine, not more than 1-1500 part of a second removed from 
it, is no matter that ean be hurried, and one minute is fast time 
on such work. But the whole thing, phasing-in and all, has been 
done in 24 minutes, including full load on the turbine, which 
started from a standstill. 

16. This performance has been gone through a great many 
times, and our record book shows that out of 43 such ealls, 10 
starts were made in 24 minutes, 18 in 3 minutes and 15 in 34 
minutes. 

17. We have taken the time in a number of instances when all 
the auxiliaries have been in motion and it only remained to start 
the turbine and phase it in on the line: the only valves to open in 
such cases are the throttle and one small oil valve. The two quick- 
est starts have been made in forty-five seconds and seventy seconds, 
respectively, including phasing in. Others range between one 
minute ten seconds and one and one-half minutes. These two 
quickest starts were made on a turbine which had stood for twenty- 
four hours with the throttle valve shut tight though there was a 
slight leakage past the seat. After the throttle valve is off its 
seat it is not more than thirty seconds before the turbine is up 
to speed. A cross compound reciprocating engine of the four 
valve type, 2,250 horse-power capacity, can be brought up to 
speed from a standstill in five minutes if it is hot all over. This 
five minutes is to be compared with the seventy seconds required 
for the similar turbine operation. 

18. A reciprocating engine, which is turning over slowly with 
the throttle valve just off its seat or with by-pass open and having 
all its oil cups open and regulated, can be brought up to speed, 
say seventy-five turns, in two and one-half minutes. This can be 
compared with the thirty seconds necessary for bringing the tur- 
bine up under the same conditions; that is, about one-fifth the 
time necessary for bringing up the engine. 

19. If the engine is cold all over and has all its oil eups shut 
tight, all its auxiliaries quiet, fifteen minutes is called a rapid 
start. Starts have been made under such conditions in twelve 
minutes. When we start a cold turbine, we open up the valve and 
let her turn, and in two minutes we are ready to bring her up 
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to speed and she will be at speed in two and one-half minutes, 
dividing the engine’s time by more than four. 


DISCUSSION, 


Mr. EF. H. Foster.—Was Mr. Mann had experience with start- 
ing reciprocating engines with steam superheated about 100° F.? 

I have gathered that one of the unexpected benefits to be 
derived from superheated steam is the ability to start up engines 
quickly. This result has been observed in Corliss as well as 
slide valve engines. 

Mr. Richard H. Rice.—This paper gives an evidence of the 
apparently rough treatment to which the turbine can be sub- 
jected without doing it any damage. At first sight those who 
have been accustomed to handling other classes of machines 
would say that this was treatment which ought not to be given 
any apparatus. As a matter of fact, there is no reason why 
turbines should not be handled indefinitely in this way. It 
may be interesting to state that it is the custom in the works 
with which I am connected, when starting up a 1500 kw. tur- 
bine for the first time, to bring it up to speed in fifteen minutes 
from the time steam is first turned on. It is possible to do this 
in view of the fact that the shaft revolves in a vertical position 
and the pressure on the bearings is therefore negligible. 

Mr, A. S. Mann.*—Since writing this paper the 1500 kw. 
turbines described have been started and phased in on the line in 
thirty seconds after having stood twelve hours. The writer 
knows of no equal performance on reciprocating engines with 
either saturated or superheated steam. 


*Author’s Closure, under the Rules. 
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No. 1081,* 
COUNTERWEIGHTS FOR LARGE ENGINES. 


BY D. §. JACOBUS, HOBOKEN, N. J. 


(Member of the Society.) 


1. The writer was called upon to investigate the problem of 
lessening the vibration of the engines at the new power plant at 
the Manchester St. station of the Rhode Island Co., Providence, 
R. L., and working conjointly with Mr. Fred N. Bushnell, the 
chief engineer of the company, he recommended that certain coun- 
terweights be added in addition to those already on the engines. 
These counterweights which were exceptionally large were adopted 
and gave satisfactory results. 

2. In addition to the problem of lessening the vibrations cer- 
tain electrical problems arose regarding the effect of the counter- 
weights in increasing the variation in angular velocity of alter- 
nating current generators run in parallel with each other. <A 
number of measurements were made to determine the action of 
the counterweights, both as affecting the vibration of the building 
and the tendency of the alternating current generators to break 
apart when run in parallel, and as these data may be of interest to 
the Society they are hereby presented. 

3. The counterweights were applied to three engines, all of 
which were of the same evlinder dimensions and had the same 
weights of reciprocating parts. The engines were built by the 
Filer and Stowell Co. of Milwaukee, Wis., and were of the hori- 
zontal cross compound type directly connected to electrical gen- 
erators. Two of the engines, designated as Nos. 1 and 2, were 
connected to 1,500 kilowatts alternating current generators, and 
one, designated as No. 3, to a 1,600 kilowatts direct current gen- 
erator. A photograph of a portion of the revolving field of the 


* Presented at the Scranton meeting (June, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the 7rane- 
actions. 
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No. 2 engine showing one of the counterweights which was placed 
in the revolving tields is reproduced in Fig. 14. 

4. On inspecting the plant it was evident that something should 
be done to diminish the shaking. The entire building rested on 
piles which passed through silt for about 30 feet before striking 
a solid bottom. There was a mass of concrete about 5 feet thick 
placed on these piles which extended under the entire plant so as 
to form a bed on which rested the foundations of the buildings, 


Fie. 194.—REVOLVING OF No. 2 ENGINE SHOWING COUNTERWEIGHT. 


boilers and engines. The bed of conerete also extended under the 
chimney foundation. When the first observations were made the 
buildings were not completed. All three engines were, however, 
installed and were protected by a temporary wooden structure. 
The boiler plant was in the process of construction, much of the 
brick work having been laid, and the steel framework of the build 
ing nearly completed. A portion of the boiler plant was running 
to supply steam to one of the engines. The chimney, which was 
ultimately to be about 300 feet high, was being erected. This 
yas built of special brick furnished by the Alphons Custodis Chim 
ney Construction Company. 
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5. The engine which was running was that designated as No. 3, 
and it shook the entire foundation to such an extent that the mo- 
tion could be readily felt by a person standing thereon. When 
water was poured outside of sheet piling, which surrounded the 
foundation, the surface of the water could be seen to move up 
and down in time with the strokes of the engine. 

6. After inspecting the plant the writer constructed an appar- 
atus on the principle of the seismograph for measuring the amount 
of vibration. On a second visit to the plant the horizontal shake 
of the foundation was measured with this instrument with engine 
No. 3 running, and found to be 0.01 inch at the engine. This may 
not seem to be a large amount, but as the entire mass of the build- 
ing foundation shook, the movement of parts of the temporary 
wooden building was magnified in many places so as to be very 
evident to the eye. Furthermore the iron work of the boiler 
house shook considerably. That the entire mass of the founda- 
tion shook could be appreciated by feeling the vibration through 
the feet and also by measuring the actual amount at different 
points with the special apparatus. At a point near the extreme 
end of the foundation where the No. 1 engine was located the 
foundation was found to shake 0.008 inch. Measurements made 
near the top of the chimney, which was erected to the height of 
about 175 feet above the ground, showed that the maximum shake 
with the engine running at its ordinary speed of 90 revolutions 
per minute was about 0.02 inch. After measuring the vibration of 
the chimney with the engine running at its ordinary speed the 
engine was shut down and a marked result took place when its 
speed fell in harmony with the time of vibration of the chimney. 
When this occurred, the chimney shook to such an extent that the 
motion was beyond the range of the special instrument. The 
total movement of the pointer of the instrument was such that 
the chimney was shown to move more than } of an inch. In con- 
structing the chimney the workmen had noticed that when they 
came to a height of about 130 feet the vibration was much greater 
than it was after the chimney was built higher. This made it ap- 
pear that at the height of 130 feet, at which there was the most 
shake, the time of the vibration of the chimney was in harmony 
with the number of revolutions made by the engine. 

7. As the entire plant shook laterally on top of the piles, and 
as there could be no vertical movement, it appeared evident that 
the best plan would be to place counterweights on the engines of 
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such sizes that they would diminish the horizontal shaking forces 
to nearly a minimum irrespective of the vertical shaking forces 


which might be produced. 


This would give much larger counter- 


weights than are ordinarily used, but on carefully considering the 
conditions which existed it was deemed best to adopt them. The 
counterweights originally on the engines were comparatively small 


and it was found impossible to place large enough weights on the 


erank disks to carry out this plan. 


It was therefore decided to 
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place counterweights on the fly wheels in addition to placing a- 


heavy counterweights as possible on the crank disks. 


A eounter- 


weight in the fly wheel acts just as efficiently as one placed on the 
crank disk in eliminating the shaking forces tending to translate 
the bed of the engine, but with such a counterweight there remain 
forces which act as couples and tend to shake the engine by ro- 
tating it about its center of mass. 
to produce translation were, however, the most important in the 
case under consideration, and these were considered irrespective 
of the forces tending to produce rotation. 


The horizontal forces tending 
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s. The weight of the counterweights recommended to be added 
in addition to those already on the No. 3 engine was 4,995 pounds 
on each of the crank disks and 3,600 pounds in the fly wheel, the 
distance of the center of gravity of the weights on the crank disks 
from the eenter of the shaft being 2.38 feet and for the weight 
in the fly wheel 7.67 feet. The counterweights originally in each 
crank disk amounted to a net weight of 1,740 pounds at 2.05 feet. 


/ 
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Fre. 196. 


%. The position of the fly wheel counterweight and the shaking 
forces with and without the additional counterweights are shown 
in Fig. 195. 

10. Mr. Bushnell designed counterweights for the No. 3 engine 
'» conform with the above sizes. These counterweights are shown 
in Figs. 196 and 197. The counterweights finally placed on the 
cnugine were somewhat lighter than called for but not enough so to 
produce any great difference in the results. 

11. On starting up the No. 3 engine with the counterweights it 


ran without appreciable vibration and operated with entire satis- 
faction. 
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12. Counterweights were then placed on engines Nos. 1 and 2 
driving the alternating current generators. As the dimensions 
of these engines and the weights of the reciprocating parts were 
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Fig. 198. 


the same as for the No. 3 engine, the same size of counterweights 
were used as for the latter, but those placed in the revolving fields 
Were necessarily of a different form than that employed in the 
fly wheel of the No. 3 engine. In these engines the high pressure 
crank leads; whereas, the low pressure leads in the No. 3 engine, 
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and this was taken account of in placing the counterweights in tlic 
revolving fields. ‘The counterweights for the revolving fields of 
engines Nos. 1 and 2 are shown in Fig. 1s. 

13. There was some delay in arranging for a third visit to the 
plant. The buildings and the chimney of the plant were then com 
pleted. A vertical engine directly connected to a 2,500 kilowatt 
generator had been erected and was running in addition to the 
three horizontal engines. It was found that the greatest shaking 
that could be noticed occurred on the switchboard platform which 
was anchored to one of the side walls of the building at a point 
some distance above the floor. When engines Nos. 1 and 2 driv- 
ing the 1,500 kilowatts alternators were run in parallel with the 
counterweights opposed they produced but little vibration. When 
run with the counterweights together there was a greater vibra 
tion. The greatest vibration that could be detected on the switel 
board platform with the counterweights of the two alternating 
machines together and all the engines in the station running, in 
eluding Nos. 1, 2 and 3, and a vertical engine which is designated 
as No. 4, was about 0.023 inch. This maximum shake occurred 
when the counterweights of the three engines Nos. 1, 2 and 3 fell 
together, which would take place about once every 15 seconds, 
as the two engines running the alternators ran at about 94 revo 
lutions per minute and that driving the direct current machine at 
90 revolutions per minute. The amount that the floor shook was 
measured and was found to be extremely small and less than 
0.002 inch. 

14. The ground was frozen during the above test and it wa- 
decided that it would be best to make a final set of observations 
of the amount of shaking after the frost was entirely out of tli 
ground. Furthermore, some questions arose as to the possib! 
danger of the alternating current generators breaking out of step 
when run in parallel with their field counterweights opposed, | 
cause when so run, the ammeters attached to the generator: 
swayed considerably, indicating fluctuations in the current. 

15. On looking through the magnets of the revolving fields of 
one of the alternating current generators at the revolving field 0! 
the other the angular variation back and forth was apparent. Thi! 
was carefully estimated and under the ordinary conditions of ru 
ning was found to amount to from about 6 to 8 pole degrees tota! 
variation or from about 3 to 4 pole degrees for each machin 
The amount of this angular variation with the machines running 
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in parallel was about the same irrespective of the position of the 
counterweights with reference to each other, but when the coun- 
terweights were opposed the variations occurred every stroke or 
about 04 times per minute; whereas, when the counterweights were 
together, or nearly so, the variations occurred at less frequent in- 
tervals, the total number of such variations then being from about 
30 to 40 per minute. As the total displacement of the two fields 
from their true position, as observed by looking through the mag- 
nets of one revolving field at the other, was about the same irre- 
spective of the relative positions of the two counterweights, it 
follows that this displacement was produced as much through 
vovernor action as through any variation in speed during a single 
stroke. 

16. When the two alternating machines were operating in par- 
allel there was a swaying of the ammeters in the machine circuits. 
This swaying was, however, of an entirely different frequency 
from that of the strokes of the engines. The amount of this 
swaving was noted for different relative positions of the counter- 
weights of the engines. The engines were operating at the time 
under light loads. The voltmeter reading was also noted and 
found to be steady in every instance. 

17. It appeared that the fluctuations in the current generated 
by the two alternating machines had but little influence on their 
eficiencies and that they were working successfully when con- 
nected in parallel. The writer did not wish, however, to give an 
opinion on the electrical side of the problem and arranged with 
Prof. Albert F. Ganz, the Professor of Electrical Engineering of 
the Stevens Institute, to accompany him at the time of making 
the final measurements. 

18. On a joint visit of Professor Ganz and the writer observa- 
tions of the angular displacement of the rotating fields and elee- 
trieal readings were again taken and these observations led Pro- 
fessor Ganz to conclude that there was no apparent danger of the 
alternators breaking out of step while operating in parallel with 
the counterweights in any relative position. 

19. Careful measurements were also made at this time of the 
amount that the engines shook the building. Observations of the 
angular displacement of the revolving fields when run in parallel 
bore out in a general way those made on my previous visit. 

20. In order to study more thoroughy the effect of the coun- 
terweights in increasing the angular variation, diagrams of crank 
35 
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efforts were laid off corresponding to indicator cards taken from 
the engines and from these curves of crank effort the angular vari- 
ation in pole degrees was determined, as shown in Fig. 19. From 
this figure it may be seen that the variation for a single machine 
without the addition of the counterweights in the revolving fields 
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Fie. 199. 


would be 1.8 pole degrees, and with the counterweights 3.2 pole 
degrees. The latter value is the one to be compared with the 
variations observed by looking through one of the revolving fields 
and observing the other, and it agrees with the amount which 
was observed, which varied from 3 to 4 pole degrees. 

21. It appears from Fig. 199 that by placing the counterweig|i!s 
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in the revolving fields the angular variation during a single stroke 
was made about twice what it would have been without the coun- 
terweights. It however appears that the increased angular varia- 
tion during a single stroke due to employing the counterweights 
does not introduce any great disadvantage as the alternators can 
be safely run in parallel at practically the same efficiency as would 
exist should there be less angular variation. 

22. As already stated the counterweights actually placed in the 
engines were of a less weight than the amounts called for but not 
enough so as to produce any great difference in the results obtained. 
They were also placed at different radii from those called for. 
The weights of the counterweights and their distances from the 
center of the shaft which were recommended and which were 
actually used as follows: For comparing these the product of the 
weights into the distances of their centers of gravity from the 
center of the crank shaft are given as these products are a meas- 
ure of the effects produced on the shaking forces. 

Recommended, Actually used. 
Engines Nos. 1 and 2 driving alternating current generaters : 
Counterweights placed on crank disks................. 4,995 4,100 Ib. 


Counterweights placed in revolving fields............. 3,600 8.467 
listance of center of gravity of the weight in the revolv- 
ing fields to the center of the shaft................ 7.67 7.56 ft. 
Distance of center of gravity of the weights on the crank 
disks to the center of the shaft. ................... 2.38 
rato 
Crank disks counterweights....... 5.94 5.68 
lis tt. Revolving field counterweights.... 13.81 
distance in ft. 


Engine No. 3 driving direct current generator : 
Counterweight placed on crank disk of high-pressure 


Counterweight placed on crank disk of low-pressure 


Counterweight placed in flywheel..................... 3,600 3,600 * 
Distance of center of gravity of weight in the flywheel 

Distance of center of gravity of the weights on the 

crank disks to the center of the shaft.............. 2.38 o.oe * 
Product of weight (Crank disk ((high-pres. cyl.).. 5.94 5.68 

in tons by the - Counterweights (low-pres. cylinder) 5.94 5.79 

_ distance in ft. ‘Flywheel counterweights.. ........ 13.80 12.71 
Weight of original counterweights on crank disks of all 


Distance of center of gravity of the original counter- 
weights from the center of the shaft re 2.05 ft. 
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VIBRATION OF FOUNDATIONS AND OF SWITCHBOARD PLATFORM. 
The height of the diagram measured from one tooth or wave to the bottom of the one 
next following represents the amount of vibration. 


May 9, 1908 ON FLOOR Feb. 18, 1904 
ON FLOOR AT ENGINE No. 3. All Engines Running: Counter weights | 
05" Engine No. 3 Running. 05" of Engines Nos. 1 and 2 together | 
0 ol 
Vibration=.010 ins Vibration less than .2 ins 
The small waves or irregularities measure the vibrations. | 
May 9, 1908 “Way 14, 1908 | 


SWITCHBOARD PLATFORM. 


ON FLOOR AT ENGINE No. 1. All Engines Running: Counter weights 


.05'- Engine No. 3 Running. 05" of Engines Nos. 1 and 2 together 
0 
Vibration=.008 ins. Maximum Vibr: ation 035 ins. 
Maximum vibration occurs whe ght of 
engine No.3 f falls in Une with + a [Ne 1&2 
May 9, 1903 May 14, 1904 
ITCHBOA PLATFORM. 
TOP OF CHIMNEY. owire 
Engine No. 3 Running All Engines Running: Counter weights 
05 05 5 of Engines Nos. 1 and 2 180 apart 
Vibration=.017 ins Vibration =.007 ins 
Feb. 13, 1904 
May 14, 1904 
SWITCHBOARD PLATFORM. ON FLOOR 
All Engines Running: Counter-weights All Engines Running: Counter-weights 
.05;—- of Engines Nos. 1 and 2 together. .057—- of Engines Nos. 1 and 2 together. 
0 Vibration=.023 ins 0 Vibration=.004 ins 


May 14, 1904 
SWITCHBOARD PLATFORM. 


Engines No. 1,2 and 4 Running: Counter-weights 
05" of Engines Nos. 1 and 2 together. 


VAN 


Vibration= .015 ins. 


DS. Jacobus 
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Fig. 200 shows characteristic records taken with the special 
instrument for measuring the amount of shake. The principle 
on which this instrument was constructed is shown in Fig. 201, A 
light pointer A was made to rest against a large mass suspended 
from a point at some distance above. In most of the experiments 
this mass was the lower block of the hoist of a traveling crane. 
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This large mass was not affected by the vibrations of the building, 
or if affected its vibrations had a different period from those to 
he measured. The instrument was mounted at a part of the build- 
ing where the vibration was to be measured and therefore moved 
in the same way as the building. In taking a record the drum B 
was revolved by hand by pulling the cord C and a eurve was 
traced by a pen ) on a paper placed on the drum B. The height 
of the diagram traced by the pen represented the amount of vibra- 
tion. In the diagrams the vibrations were magnified fifteen times. 
The fact that the cylinder was rotated by hand accounts for some 


Fie. 201. 


of the irregularities in the curves, but this does not affect the ae- 
curacy of the records which depend only on the height of the waves 
measured from the top of one to the bottom of the one next fol- 
lowing. 

24. It may be seen from Fig. 200 that the amount of vibration 
was greater at the time of the last visit than it was when meas- 
ured on February 13th. This is accounted for by the fact that 
the ground about the building was frozen on February 13th, 
whereas such was not the case when the final measurements were 
made. The final measurements gave 0.035 inch for the maximum 
vibration of the switchboard platform with all the engines run- 
ning and with the counterweights of engines Nos. 1 and 2 to- 
gether. The movement of the floor of the engine room and of 


D.S.Jacobua 
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the foundation for this set of conditions was 0.004 inch. The 
amount that the foundation shook with the No. 3 engine running 
alone without counterweights, as measured on the first visit, was 
0.01 inch. It therefore follows that there was less than one-half 
the amount of vibration with all three engines running with their 
counterweights in such a position that they gave the maximum 
shake than there was with a single engine running without the 
additional counterweights. 

25. After the above investigation was completed Mr. Bushnell 
made observations with a transit to determine whether there was 
any shaking of the chimney with all the engines running and 
found that there was no perceptible motion. 

26. The method of computing the size of the counterweights 
and the angwar displacement of the revolving fields of the alter- 
nating current generators when run in parallel is given in the ap- 


pendix which follows. 


APPENDIX. 
METHOD OF COMPUTING THE SIZE OF COUNTERWEIGHTS REQUIRED. 


27. To most nearly balance the horizontal shaking forces in 
one of the engines a counterweight equivalent to the entire mass 
of the reciprocating parts with its center of gravity at the crank 
radius should be used. It was impossible to place such a mass on 
the crank disk, and, as has already been stated, as heavy counter- 
weights as possible were placed on the erank disks and an addi- 
tional counterweight was placed either in the fly wheel or in the 
revolving field. 

28. The maximum counterweights which could be placed on 
the crank disks were estimated at 4,995 pounds at 2.38 feet. The 
counterweights originally on the engines amounted to 1,740 
pounds at 2.05 feet, so that the counterweights originally on the 
crank disks, together with the counterweights added to the crank 
disks, amounted to 6,870 pounds at the crank radius. As the total 
weight of the reciprocating parts amounted to 12,750 pounds for 
the high pressure cylinder and 19,025 pounds for the low pressure 
cylinder there remained 5,880 pounds at the crank radius to be 
provided for by counterweight action in the high pressure cylinder 
and 12,155 pounds at the low pressure cylinder. To accomplish 
this action a counterweight should be placed in the fly wheel of 


| 
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3,960 pounds at 7.67 feet from the shaft center. For the direct 
current generator where the low pressure crank leads this coun- 
terweight should be placed about 155 degrees ahead of the low 
pressure crank, and for the alternating current generators where 
the high pressure crank leads it should be placed about 115 degrees 
ahead of the high pressure crank. 

29. The full counterweight was not, however, recommended, as 
a substantial balance of the horizontal forces would be obtained 
by employing a weight of 3,960 pounds in the fly wheels or re- 
volving fields instead of 4,000 pounds, and it was considered 
advisable to keep slightly within the theoretical limit. 

30. In plotting the shaking forees given in Fig. 195 the gravity 
component of the red at the crank pin end is assumed to revolve 
with the crank pin and the remainder to have the same motion as 
the piston. 

31. As the distance of the center of gravity of the rod from 
the crank pin was 46 per cent. of the length of the rod this gave 
2,700 pounds for the revolving part at the crank pin and 2.300 
pounds for the part which was assumed to move with the piston. 
This gives correct results as far as the shaking forces are con- 
cerned. In obtaining the horizontal shaking forces for the coun- 
terweights the centrifugal force is multiplied by cos @ where 6 
is the crank angle measured from the line of centers. For the 
mass moving along with the piston the horizontal shaking forces 
were obtained by the formula* 


= (cos 6 + Z), 


where Z can be given the approximate value of 


METHOD OF DETERMINING THE ANGULAR DISPLACEMENT OF THE 
REVOLVING FIELDS OF THE ALTERNATING CURRENT GENERATORS 
WHEN RUN IN PARALLEL. 

32. This work is represented by the curves shown in Fig. 199. 
The tangential effort curves due to the steam pressure which are 
there given were obtained from indicator cards taken from the 
engines. The effect of the inertia of the connecting rod on the 


* For notation and formula see article by the author, 7ransactions of the 
American Society Mechanical Engineers, Vol. XI., pages 513 and 515. 


cos 2 6 
n 
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tangential effort is obtained by assuming that one-half of the 
mass of the rod is concentrated at the crank pin and one-half at 
the crosshead.* The inertia forces are worked out by the formula 
already given and the tangential effort is worked out in the or- 
dinary way. The effect of the gravity components of the coun- 
terweights was included in the analysis. Two sets of results were 
worked out, one for the engines as they are now running with 
the counterweights which were added, and one assuming that the 
counterweights in the revolving fields were removed. 

83. The final curve of tangential effort for the entire engine 
if measured on the proper scale represents the acceleration. This 
scale was determined as follows: 

34. The fly wheel action of the revolving parts amounted to 
2,236,000 pounds at the crank radius. 

35. The seale of the ordinates of the diagrams as originally 
constructed was 64,000 pounds per inch and the ordinates were 
d-inch apart, each space representing 15 degrees of crank angle. 

36. The acceleration corresponding to one inch height of the 
ordinates was therefore 


64,000 x 32.2 + 2,236,000 = 0.922 feet per second, 


which gave the scale laid off to the right of the acceleration 
diagram. 

37. The areas included between each two consecutive ordinates 
of the acceleration diagram were measured in square inches and 
this area gave the increments in velocity for the velocity diagram. 

38. In laying off the increments in the velocity diagram the 
number of square inches were multiplied by two and laid off in 
lineal inches. If f represents the acceleration, A ¢ the time cor 
responding to the distance between two of the ordinates, or for 
the crank to turn 15 degrees, and Av the variation in the velocity, 
we have 

fAat= Avr. 


As the crank revolved at 94 turns per minute, we have 


At = 60 +(94 x 24) = 0.0266 sec. 


As the space between the ordinates of the acceleration curve 
was } inch and the seale of the ordinates 0.922 feet per sec., tli 


* This is the way recommended by Mr. Sanford A. Moss in a paper present: ( 
at the last meeting of the Society. A note on Mr. Moss’ paper follows, 
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value of f would be obtained by multiplying the area between 
two of the ordinates by 0.922 x 4 or by 3.688, hence we have 


Av Area between two ordinates x 0.0266 x 3.688 0.0981, 


39. The area between the ordinates was multiplied by two in 
laying off the increments in the velocity diagram, hence for one 
inch of height in the velocity curve would be 0.0981 —- 2 = 0.0491 
feet per second. 

40. The areas measured in square inches on the velocity dia- 
gram were laid off directly in lineal inches in the space diagram. 
The seale for this diagram was therefore 


4x 0.0491 x 0.0266 = 0.00522 feet per inch of height. 


41. To obtain the seale in pole degrees the circumference of the 
crank circle or 14.14 feet was divided by 16, the number of poles 
and the distance measured between the poles at the crank circle 
was found to be 0.884 feet. The distance per pole degree was 
0.884 + 360 = 0.00246 feet. The scale of the diagram in pole 
degrees per inch was therefore 


0.00522 — 0.00246 = 2.12. 


NOTE ON PAPER PRESENTED AT THE LAST MEETING OF THE SOCIETY 
BY MR. SANFORD A. MOSS ON THE INFLUENCE OF THE CONNECT- 
ING ROD ON THE ENGINE FORCES. 


42. The writer's first impression on looking over this paper was 
that it could contain no new matter as the subject has been gone 
over many times before. For example, the papers presented to 
the Society of Naval Architects and Marine Engineers by Ad- 
miral George W. Melville and by Naval Constructor D. W. Taylor, 
and forming part of Vol. IX., 1901, of the Transactions of that 
Society are masterpieces of literature on this subject. Again, in 
a paper presented by the author at the New York meeting in 
1889, and which was published in Vol. XI. of the Transactions, 
the exact forces required to accelerate a connecting rod are de- 
rived and numerical values worked out for several classes of en- 
gines. In this paper the effect of friction was also computed, that 
for the connecting rod being obtained by a method devised by 
Prof. J. Burkitt Webb and the writer and published in the Annals 
of Mathematics for December, 1888. 
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43. On examining Mr. Moss’ paper carefully, however, it ap- 
peared that he has demonstrated that the mass of the connecting 
rod may, without undue error, be divided between the wrist and 
crank pins so that by considering only that part which he assumes 
to be placed at the wrist pin the tangential effort at the crank pin 
may be accurately determined. In other words it follows from 
Mr. Moss’ work that with connecting rods of ordinary construc- 
tion, if one-half of the mass of the rod is assumed to move with 
the piston and cross head, and no other allowance be made for the 
forces required to accelerate the rod, the values obtained for the 
tangential effort exerted on the crank shaft will be substantially 
correct. This certainly gives an easy way of handling the forces 
for the rod in determining the tangential forces at the crank pin 
and its advantage over more complicated methods cannot be dis- 
puted. This method has been employed in the present paper. 

44. Mr. Moss’ analysis does not, however, furnish any new light 
in the selection of proper counterweights for an engine and, in- 
deed, his deductions regarding a counterweight are apt to be mis- 
leading. He discusses counterweights and shaking forees and does 
not point specially to the tangential force at the crank pin, or the 
foree transmitting the power, which involves the one feature in 
which his analysis excels others. 

45. In Mr. Moss’ analysis he determines what he ealls the aver- 
age centrifugal foree of the rod and states that if we counterbal- 
ance this we eliminate its tendency to shake the engine bed. It is 
true that we eliminate the tendency of the so called centrifuga] 
force to shake the bed, but this is only one of several forces ex- 
erted on the bed, and in estimating the size of a counterweight 
all the forces which act on the bed should be considered. The 
only forces in a connecting rod which need ordinarily be consid 
ered in estimating the size of a proper counterweight are thos: 
which produce translation of the center of gravity as the forec- 
which govern the angular movement necessarily occur in couples 
which cannot be balanced by a single counterweight. When tli 
translative forces are considered the vertical components in a hori 
zontal engine will be balanced by a counterweight equivalent t« 
the gravity component of the connecting rod at the crank pin 
Mr. Moss states that if a counterweight to balance what he calls 
the radial or centrifugal force is provided, the engine will be ex 
actly in equilibrium in the direction at right angles to its axis 
This is not so, for in order to obtain such an equilibrium tli 
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translative forees at the center of gravity of the rod should alone 
be considered and the proper counterweight would be one which 
would balance the gravity component of the rod at the crank pin, 
whereas the counterweight specified by Mr. Moss for rods of 
ordinary construction would, according to his own estimate, be 
about eight-ninths of this, 


DISCUSSION, 


Mr. Fred. N. Bushnell.—The methods described in this paper 
for lessening the vibration of the engines are of great interest and 
value to engineers who have to do with the installation of machin- 
ery where the nature of the soil is such that is is impossible to get 
absolutely rigid foundations within commercial limits of cost. 
The conditions in Providence are such as exist in many other 
cities Where large areas of land along the water fronts have been 
made by filling in with gravel, cinders and miscellaneous refuse, 
and a more extended description of the underlying earth strata 
and the character of the sub-structure in this case may be of 
interest. 

The Manchester Street power station is situated upon the west- 
erly side of the Providence river, with its easterly end about fifty 
feet from the harbor line. Originally this site was covered with 
water, but some years ago it was filled in to about elevation 5 
above mean high water. Before preparing the plans for the foun- 
dations, a number of borings were made within the area to be oc- 
cupied, and the nature and average depth of the earth strata were 
ascertained to be as follows: 

Sand, gravel and cinders (filling), 13 feet; 

Silt, 28 feet; 

Sand, gravel and a little clay, 4 feet; 

Very fine sand and a little clay, 25 feet. 

Underlying all of the above was a deep bed of clay, sand and 
cravel., 

The conditions revealed by these borings indicated that it would 
not be advisable to carry the foundations down to the solid sub- 
stratum on account of the cost, and it was therefore decided to 
build a pile and concrete sub-structure of ample strength for the 
loads to be imposed, and to provide as far as possible against vibra- 
tion by enclosing it within a heavy sheet-piling cofferdam which 
would present a large bearing surface to the surrounding earth. 
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While it was hoped that this form of construction would prevent 
objectionable movement of the building, it was realized that the 
resisting power of the earth could not be determined with absolute 
certainty, and in deciding upon the plans, the possibility of hav- 


ing to take some measures later on to lessen the horizontal shaking 
forces in the engines received proper consideration. The sheet- 
piling cofferdam was made of 6-inch Georgia pine, driven to a 
depth of torty feet below mean high water. It enclosed the en- 
tire area of the building, approximately 33,500 square feet. This 
cotferdam, in addition to providing against vibration of the build- 
ing, was also intended to exclude all water from the enclosure 
during the progress of the work. Within this area 5,475 spruce 
and chestnut piles were driven, spaced thirty inches from center 
to center, excepting under the steel columns and the chimney, 
where they were spaced on 24-inch centers. The longest of these 
piles was driven to a depth of sixty-three feet below mean high 
water, and their average length was fifty-one feet. No pile was 
allowed to be driven which was less than six inches in diameter 
at the tip. The pile cut-off under the chimney was at elevation 
~7, and under the rest of the building at elevation -2. The earth 
was excavated to a depth of about one foot below the pile cut-off, 
and a bed of Portland cement concrete was laid around and on 
top of the piles to elevation 2, covering the entire area enclosed 
by the sheet-piling cofferdam. This work constitutes the sub- 
structure supporting the building walls, chimney, foundations for 
engines, boilers, etc. The pressure of the earth on the outside 
surfaces of the sheet-piling cotferdam, however, did not prove to 
be quite sufficient to hold the structure against the shaking forces 
in the engines, and it was decided to investigate the nature of 
these forces and to apply such remedies as were necessary. Pro- 
fessor Jacobus’ paper fully describes the ingenious instrument 
which he devised to accurately measure the vibrations, and also 
the methods employed to determine the proper counterweights 
to apply to the dise cranks and fly wheels to correct it. In prac- 
tice the results obtained from the application of these counter- 
weights have been all that could be desired. We were a little 
afraid that the heavy counterweights on the revolving fields of 
the A.C. generators might cause some trouble in synchronizing 
these machines, but we find that this is not the case, as they 
couple together easily with the counterweights in any relative 
position. While there is a somewhat greater interchange of cur- 
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rent between these machines with the counterweights quartering 
or opposed than when in exact step, as was to be expected, this 
is not suflicient to cause the generators to get out of step or to 
produce any perceptible influence on the line. 

Notwithstanding the large size of these horizontal engines and 
their high rotative speeds, since the application of the counter- 
weights they have run very smoothly and with no more attention 
than is usually required by slower running machines. The pres- 
ent movement of the building (0.004 of an inch) with the counter- 
weights of all three horizontal engines running together is scarcely 
noticeable. 

It is interesting to observe in connection with this subject that 
the cost of applying the counterweights was only about two and 
one-half per cent. of the estimated cost of carrying the founda- 
tions to hard bottom. 


Mr. F. M. Rites.—One of the most serious and intricate prob- 


lems requiring the services of the expert engineer is that of vibra- 
tory forces. These forces are so varied and of such common oc- 
currence, while their results are so difficult to predict in advance 
that it is impossible to provide for them or to formulate any law 
which shall cover them. 

In my opinion, the writer of this paper is to be congratulated 
on solving the problem he has outlined with so little experiment, 
-ince it is sometimes almost impossible to even trace the cause of 
such a difficulty. The sueeess attendant on the changes described 
indicate the correctness of the diagnosis of the case, which might 
have required a long continued course of experiment to determine 
the root of the difficulty. 

I remember being called in consultation on a somewhat similar 
case at Wheeling, W. Va., where one particular engine always 
caused vibrations of doors and windows over a block away from 
the power house, while in one ease a high, close, board fence per- 
ceptibly vibrated. No other engine made any such an effeet, and 
any other engine running with this one caused a cessation of the 
vibration. In this ease the vibration was transmitted through the 
air, and all that was needed was a muffler on the exhaust. An 
exactly similar ease oceurred at Allegheny, Pa., and in neither 
case was the exhaust powerful enough to be objectionable to the 
neighborhood, except in the matter of vibration. 

We are all aware of the occasional vibration of office buildings 
by steam plants, so that most builders carefully carry piping from 
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the foundation, with as little contact with the walls as possible. 
In one case of this nature a very disagreeable vibration was felt 
on one floor midway of the rest and none whatever at the other 
floors. 

The paper is exceedingly interesting, both in its deseription 
of eauses and the cure of the trouble, but it seems to me the 
counterweight should have included in its balance the entire 
weight of all the reciprocating parts, since the entire horizental 
component of the disturbing forces was to be balanced, and this 
would call for an even larger weight. 

Mr. Geo. MH. Barrus.—I wish to congratulate Professor Jaco- 
bus. In the first place, an engineer must have considerable cour- 
age to recommend the application of a weight of 8600 pounds, or 
nearly two tons, to the rim of a fly wheel seven feet from the 
center, making ninety-four revolutions per minute, as was done 
in this case, but the results seem to have justified these drastic 
measures, for, without the counterweights, the building and 
chimney were apparently in danger of being shaken down; while 
with them, the vibrations almost wholly disappeared. The dia- 
grams given on page 540, which I understand were taken under 
practically the same conditions as to location, show that with 
the counterweights in operation there was only one-fifth as much 
vibration as that occurring before the weights were installed. In 
the second place, the Professor is to be commended for giving 
the Society an account of the experiences he had in overcoming 
the very serious difficulties mentioned. I believe that members 
of the Society can in no way do more for its benefit than to fur- 
nish the meetings with narratives of similar troubles which they 
have encountere d, that fellow members may profit in their own 
work by the information thus obtained. 

In examining the diagrams on page 540, I see that the vibra- 
tions on the switchboard platform, even under the improved con- 
ditions, are very marked. It would be interesting to know 
whether any attempt was made to obtain diagrams from this 
point before the weights were introduced, and see if the relative 
difference was the same as that found on the floor. 

Mr. Sanford A, Moss.—A very common method of stating 
the counterweight problem is the following: 

A counterweight is to be provided sufficient to balance the 
weight of all the rotating parts and a certain fraction of the 
weight of the reciprocating parts, all supposed concentrated at the 
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crank pin. The problem to be decided in each particular case then 
is: What fraction of the reciprocating parts is to be counterbal- 
anced? It is customary in vertical engines to make this fraction 
small and in horizontal engines to make it large. Looking at the 
matter from this point of view, I would like to inquire what value 
of the fraction Professor Jacobus adopted in the case he presents. 

In regard to remarks which Professor Jacobus makes on my 
‘*Connecting Rod’ paper presented at the last meeting, I must 
admit that I have not been as clear as might be desirable in mak- 
ing the distinction between the effect of the weight and the effect 
of the inertia of that part of the connecting rod which is to be 
considered as a rotating part. So far as inertia effect is concerned, 
the fraction K*/I’ is the rotating part, while so far as weight 
effect is concerned, the fraction a/l is the rotating part. I ex- 
plicitly make this distinction, but do not bring it out very clearly 
in referring to the counterweight to be provided for the 
rotating part of the connecting rod. However, the distinction 
is not very important, as the two fractions do not usually differ 
much from each other. The importance of the distinction is also 
rendered insignificant, owing to the indefinite value of the frac- 
tion of the reciprocating parts which should be counterbalanced. 

Mr. F. H. Ball.—This paper is very interesting to me because 
it is acommon sense application of engineering skill. Strange as 
it may seem, there is a very general misapprehension of the facts 
in regard to the counterbalancing of the reciprocating parts of 
steam engines. 

Comparatively few people seem to understand that there is no 
such thing as counterbalancing a reciprocating part by the appli- 
cation of a rotating mass. It does not seem to be generally 
known that the counterweight on the crank of a horizontal engine 
if applied to neutralize the horizontal thrust due to the inertia of 
the reciprocating parts, does not result.in any better balancing 
of the engine, but merely transfers the horizontal thrust into ver- 
tical thrust. 

In the case which Professor Jacobus had to deal with, he wisely 
determined that the foundation could resist vertical thrust better 
than horizontal thrust, and the result of his work indicates that 
he used good judgment. 

We often hear people talk about an engine being correctly bal- 
anced for one speed and not correctly balanced for another, which 
of course is absurd. If an engine has unbalanced horizontal 
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thrusts, due to inertia of moving parts, it has them at all speeds, 
and the magnitude of these thrusts varies directly as the square 
of the speed. 

It may happen that at a certain speed the number of thrusts 
per minute may coincide or harmonize with the time of vibration 
of the foundation or something connected with the engine, in 
which case the vibration would be more noticeable than at either 
a higher or lower speed, but that is due to causes entirely outside 
of the engine. 

The consideration of this subject reminds me of an amusing 
incident that happened some years since: An engineer of some 
prominence, in a contribution to the Scientific American on the 
subject of balancing rotating bodies, stated that when a rotating 
disk is not balanced it will be found that the //7/? side and not the 
heavy side is prominent, which is true if the disk is free to estab- 
lish its axis through the center of gravity, but from this fact he 
argued that counterweight placed on a crank disk opposite the 
crank pin must therefore thrust toward the shaft instead of away 
from it, and therefore instead of reducing the thrust due to the 
inertia of reciprocating parts, it must augment this thrust. 

An engine builder promptly attacked this conclusion in the 
next issue of the same publication. A little later another engineer 
appeared in print in defence of the original statement, which he 
claimed was correct and therefore the engine builder was wrong. 

The amusing part of this episode was that simultaneously with 
the publication of the defence of the engineer’s theory, there 
appeared in the same publication a frank statement from the first 
engineer to the effect that he must acknowledge his error, having 
found by experiment that he was wrong. 

Mr. Richard H. Rice.—I desire to express my appreciation of 
the thorough manner in which the solution of this problem has 
been carried to a successful conclusion. I have used the methods 
described in the paper for some years in determining the angular 
variation of engines with fly wheels. These methods give « 
graphic picture of what is going on during the revolution of th 
engine, and from the diagrams it is easy to properly proportion 
the necessary weight of the fly wheel. I have had occasion to 
prevent vibration in fly wheels by means of weights, but in this 
case the weight was placed in the wheel during manufacture ani 
found to be entirely successful. I have also had occasion to inves- 
tigate the desirability of placing weights in fly wheels to enable 
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us to run engines in parallel, the object of this being to avoid 
increasing greatly the fly wheel weight, which would have in- 
volved radical reconstruction of it. In this case it appeared from 
computations that only very moderate improvement would be 
realized. In view of certain computations made by others, how- 
ever, Which did not agree with this, it was decided to try weights, 
since this could be done at slight expense. Upon trial, while the 
operation of the engine was improved, it was not enough improved 
to enable the engines to be paralleled. 

The method of determining the angular displacement actually 
realized as described in paragraph 15 is interesting, and I regret 
that it cannot be used in a single unit. 

The introduction of turbines into power houses containing 
reciprocating engines with which they must run in parallel makes 
it desirable to determine the angular variation of the engine, and 
a method of doing this would be of great value. It has been sug- 
vested that the amplitude of vibrations be measured by the waves 
formed on the surface of water in a vessel supported on the vibrat- 
ing body. I would like to ask if this method has been tried. 

Mr. E. H. Foster.—I desire to ask Professor Jacobus if they 
found any increase in heating of the journal on account of this 
weight being put in the fly wheel. I would like to know if it 
Was necessary to use any more oil to keep the journals down to 
the same temperature. I would also ask how they measured 
the vibration at the top of the chimney. Are we to infer that 
a gibbet or something like that was erected to suspend a weight 
from above, and, if so, how long was the pendulum carrying 
the weight ? 

Prof. F. R. Hutton.—I would like to emphasize the importance 
of the distinction made in Mr. Rice’s discussion of separating the 
effect of vibration in the air from the direct effect of vibration of 
the foundation and earth below it. 

It is obvious that the seismograph devised by Professor Jacobus 
showed that these vibrations were the consequence of motions of 
the mass. As a rule, residents in the neighborhood of a power 
plant do not suffer from inconvenience caused by ground vibra- 
tion, but the air vibration effect is very disturbing. This was 
brought to my attention in a little piece of work in which Pro- 
fessor Denton and myself were associated together. 

A factory was operating a very large rotating cutter, for cut- 
ting log wood across the grain into chips to be used in the making 
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of dies. There was no reciprocating effect in the machine what- 
ever, but the impact of the cutting knivesin the face of the head 
produced a vibration accompanied by a deep note. This vibra- 
tion of the air resulted in « suit being brought against the com- 
pany. The experts pervaded the neighborhood with a dish of 
mercury and with a seismograph apparatus, but we found that 
very much more disturbance of both pieces of apparatus resulted 
from a passage of an ice cart in the street, or from a rapid ascent 
of a four-footed pet of the family on the house stairs, than was 
caused by the passage of the biggest and hardest logs through 
the cutting machine. The windows rattled and china on the 
dresser shelves. 

The point which Mr. Rice has made has also come to the atten- 
tion of those of us who have had vibration problems presented 
to us in connection with high office buildings. The pipes in a 
high office building attaching to the radiators and the steel struc- 
ture of the building itself, behaved like the vibrating strings of 
a violin under the bow. A vibrating string in the physics text 
books is always shown with places of maximum departure from 
the center line and with places of no departure. The points of 
maximum departure are known as ventral segments, and the 
points of no departure are called nodes. 

The tall office building has just such nodes and ventral segments 
under the vibration of the engine in the basement. Certain floors 
suffer greatly from this tendency to vibrate, while above and 
below will be points where no vibration can be detected. 

When the period of vibration of the structure synchronizes 
with the pulsations of the engine, we have a vibration harmony, 
and the waves move together with the worst influence on the 
structure and the comfort of those in it. The difficulty disappears 
when the speed of the engine is watched so that the pulsations 
interfere with each other instead of synchronizing. This is the 
phenomena so familiar on high speed boats. 

Mr. Oberlin Smith.—Does the steam turbine have any allevi- 
ating effect in this trouble from vibration in tall buildings ? 

Mr. F. R. Hutton.—Myr. Smith’s question is very pertinent. 
The high speed turbine produces an air vibration, but not a 
ground tremble. The buzz or hum of the turbine would set things 
in vibration through the air if the noise were allowed to get out 
of the engine room. 

The trick is to fit the engine room with double doors and 


COUNTERWEIGHTS FOR LARGE ENGINES. 555 


weather strips, so that the noise or buzz is entirely confined 
within its walls. 

Professor Jacobus.—Mr. Barrus says that it seems quite en- 
terprising to place the large counterweights in the engines. This 
reminds me that I should have said more about Mr. Bushnell, the 
chief engineer of the company, in presenting the paper. As 
stated in the paper, Mr. Bushnell worked with me in designing 
the counterweights, but I should also have said that it was his 
enterprise in being willing to try what I suggested, that made 
it possible to employ the large weights. 

Mr. Rites says that it seems to him that the counterweight 
should have included in its balance the entire weight of the re- 
ciprocating parts. We appreciated that this was so, as far as the 
shaking forces were concerned. For such a full counterweight, 
the mass in the fly wheel should have weighed 3960 pounds, but 
we cut it down to 3600 pounds because this gave very nearly as 
good results as the larger weight, and we considered it advisable 
to keep slightly within the theoretical limit. There was a point 
where by adding to the weight there was but little difference in 
the shaking force; and we recommended a weight which we 
thought, when all things were considered, would give the best re- 
sults. 

Mr. Barrus asks if we made any attempt to secure diagrams 
showing the vibrations of the switchboard platform before the 
counterweights were applied. We did not do this because the 
switchboard platform was not erected when we first measured 
the shake. We secured such diagrams later on because the 
switchboard platform vibrated more than any other point in 
the building. It seemed that the side wall of the building, to 
which the switchboard platform was attached, was in tune with 
the vibrations of the engines, and as a matter of interest we reg- 
istered the amount which it vibrated. The measurements which 
give the amount of improvement through the application of the 
counterweights are those which show the shaking of the floor. 

Mr. Moss has spoken on the theoretical side of the problem, and 
has referred to the note which I made on his paper. Mr. Moss’ 
paper is most carefully prepared from a mathematical standpoint, 
and the equations which he gives are correct. It was only in the 
discussion of his formula that his remarks may be misleading. 

In balancing an engine, if we wish to obtain the shaking forces 
correctly, we have only to assume that mass is divided between 
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the crank and wrist pins in proportion to the gravity components 
of the weight of the rod at these points. This was brought out 
in the papers, already referred to, by Naval Constructor Taylor 
and by Admiral Melville. The distribution of connecting rod 
weight proposed by Mr. Moss does not give as correct results for 
the shaking forces as this simple method, but, on the other hand, 
it gives more correct results if used in determining the power 
transmitted by the engine. 

Now to come to the questions asked by Mr. Foster regarding 
the heating of the journals on account of the weights being placed 
in the fly wheel, and the measurement of the vibration of the 
chimney. 

Fortunately the journals on the original machines were of 
ample size so that with the counterweights added to the wheels 
the pressures were not excessive. There has been no trouble 
experienced since adding the counterweights in the heatin 
the journals. 

The vibration of the chimney was measured by the same 
instrument which we employed for the rest of the work. We 
suspended the weight used in connection with it by means of a 
couple of poles, the weight, weighing perhaps 400 pounds, being 
held by about fifteen feet of wire. We were very careful to get 
the time of swaying of the weight and to make sure that it did 
not come in harmony with the vibrations caused by the engines. 
It was found to be entirely out of phase with the chimney, so 
that the results obtained with the instrument on the chimney are 
reliable; but, as 1 have said, the maximum vibration of the 
chimney which occurred when we slowed down the engine, so 
that the chimney came in tune with the strokes of the engine, 
was beyond the range of the instrument. 

I wish to thank Mr. Ball, Mr. Rice and Professor Hutton for 
their kindly discussions and the additional data which they have 
presented. 

Mr. Baker.—Engineers enga 


g ol 


ged in locomotive design have be 


come familiar with the balancing of reciprocating parts, and it is 
well understood that whatever weight is put into the driving 
wheels to counterbalance the horizontal motion of the reciprocat 
ing parts is entirely unbalanced vertically and produces, conse 
quently, the so-called hammer-blow upon the rail. 

I should be interested to learn whether the vertical effect du 
to these counterbalances at the lowest point of their revolution 
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was computed, and whether the journal pressure referred to in the 
paper as not in excess of good practice was that due to the static 
load or included the maximum vertical effect of these counter- 
weights with the engine at full speed. 

Professor Jacobus.—By adding the counterweights we changed 
the vertical shaking forces of the horizontal engines to about those 
which would exist in vertical engines of the same size. That is, 
we converted the horizontal shaking forces to vertical shaking 
forces. As already stated, the journal pressures were not excess- 
ive. We worked out the centrifugal force of the fly wheel coun- 
terweight and determined the pressure due to it, but even includ- 
ing this force, which acted intermittently on the upper and lower 
bearings, the pressure was not a dangerous one. When we con- 
sider the friction of the journals, the most important element is 
the dead weight because this acts continuously. 
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1. My attention was first directed to this very important prob- 
lem by the Harbor Commissioners of Montreal in 1896. The 
Chief Engineer of the Harbor Commissioners, Mr. Kennedy, was 
a member of the Flood Commission to investigate the very seri- 
ous floods that visited the city of Montreal from time to time, 
and he was appointed with other gentlemen to go into this ques- 
tion with a view of alleviating the disastrous effects. During the 
investigation of the Flood Commission efforts were made to study 
the slush ice, which is called in Canada frazil ice, and to connect 
the formation of this remarkable ice with the temperature changes 
in the water. A great many results were obtained showing that 
these temperatures varied a good deal. Calling for observations 
on this point many independent observers throughout the country 
took temperature readings during the winter time with instru- 
ments at hand and sent their results in to the commission. The 
commission also took a series of measurements of the temperature 
of the water and they thought they detected small differences 
of temperature during such times as the ice was most severe. 
But they were not sure of their results on account of the difficul- 
ties encountered in making the measurements. Other observers 
were not, however, so careful and they sent in results showing 
apparently that the temperature of the water varied from five 
to six degrees below the freezing point. Now, it was easy enough 
for the commissioners to explain why these very low results were 
obtained when they received details in regard to the manner in 
which the measurements were carried out. Usually it was a mer- 
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cury thermometer thrown in the water and held up in the air to 
read. Mr. Sproule, the Assistant Engineer of the Commission, 
devised a tin case for his thermometer in which he could entrap a 
small amount of the water and thereby have a longer time to read 
the thermometer after drawing it out of the water. The ther- 
mometers were not delicate enough, and as Mr. Sproule told me, 
when the question came up in 1896, that during the time of the 
commission and later it was impossible for him to say definitely 
that any deviations from the freezing point took place, his ther- 
mometer being graduated to degrees, and such variations that 
would occur beyond this point were not recorded. That is why 
the commission eame to MeGill University for more refined meas- 
urements. They wished, if possible, to connect the temperature of 
the water with the formation of frazil ice. 

2. We devised then an instrument for doing this which de- 
pended on the change in the electrical resistance of platinum 
wire. Now such instruments have been made before and have 
been exceedingly useful for all classes of temperature measure- 
ments; but we devised the most delicate differential thermometer 
that probably has ever been made. This thermometer has a de- 
vree which is eight inches long, and it is possible to estimate by 
means of it to the ten-thousandth part of a degree. Later I shall 
speak a little more about the practical details of the measurements. 

3. My first object is to take up the problem of ice formation 
and so lead on to the measurements, and connect these measure- 
ments with the loss of heat from water which governs the forma- 
tion of ice in the laboratory or in the actual conditions of nature, 
which problem is not an easy one. The varied conditions in 
which we meet river ice make it almost impossible to establish a 
definite set of rules by which we can say how much ice will be 
formed or what the ice will do. The weather itself varies from 
year to year and those conditions which will hold one year will be 
entirely different the next. A long and continuous study of each 
problem of engineering should be made before anything definite 
can be said in regard to the effects of river ice. 

4. Now I want first to run over the laws of heat which I shall 
have to refer to, and I do this for the sake of clearness. I will 
do this very briefly, somewhat in the form of a review, but if we 
are to get a connected and scientific knowledge of the subject we 
must review first of all our elementary physical knowledge of 
heat transmission, for, after all, the problem is a problem of heat 
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transmission. The extraction of heat from the water causes ice 
to form. How is this heat abstracted and how does water gain 
heat again ? 

5. Now the three recognized methods of transmission of heat 
are convection, conduction and radiation. This does not mean 
that we have three different kinds of heat, that one kind of heat 
is lost by conduction, one by convection and one by radiation. It 
means three processes are operative. 

6. The first method, convection, we may briefly define az the 
transmission of heat by the movement of matter itself. You have 
illustrations of this in the ocean currents and trade winds which 
are so important in tempering the earth’s climate. It depends 
entirely on the fact that matter when heated expands and becomes 
less dense. Therefore, a heated portion of matter surrounded by 
cooler matter will be displaced by the cooler matter as a light 
object is displaced by water. So we have heated matter rising 
when surrounded by cooler matter. We have one exception to 
this in water at 4 degrees Cent. As an illustration of this show- 
ing the maximum density of water we have twelve thermometers 
of equal bulbs containing equal weights of water. One buib is 
placed at zero and the others in successive degrees to twelve. At 
four degrees we have the maximum density or the liquid oceupy- 
ing the least volume. Below that point to zero, water expands. 
Above that point, as high as we ean go, water expands; hence we 
see that in the case of water the process of convection will cause 
a current of warmer water to rise until we get to four degrees, 
and then the reverse process will take place. Below four degrees, 
as the water becomes cool, the warmer layers sink to the bottom. 
Now, that has a very important influence, as we shall see presently 
on ice formation in lakes and quiet water. 

7. The next process of heat transmission is conduction. By 
conduction we mean the transmission of heat from point to point 
in the body. Heat is a form of energy; it is a measure of the 
vibration of the molecules of a body. When the molecules ai 
one point become warm or vibrate more energetically these vibra 
tions are conveyed to neighboring molecules. 

8. Conduction only affects the ice problem in so far as it causes 
a thickening of the sheets of ice over a river or lake. We can 
measure the conduction and we know it in definite units for ic 
and for water, and in any problem in which conduction enter: 
we can calculate with a fair degree of exactness the rate at whic! 
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ice will form; otherwise, conduction plays a very small part in 
river ice formation. 

9. The next process is that of radiation, or the transmission of 
heat by ether waves. All bodies radiate energy by ether waves 
which travel out in all directions in straight lines with a velocity 
of 187,000 miles a second. They are, in fact, merely a continua- 
tion of the ether waves, which are capable of affecting the optic 
nerve, and which we call light, and we know some of these light 
waves possess heating qualities. 

10. These waves extend for a long distance beyond the visible 
spectrum and they are being investigated and the limit pushed 
further and further down. All light waves travel with the same 
velocity and hence the length of the waves and the number of 
vibrations of the waves must vary correspondingly. The longer 
the wave the slower the vibration. Now we know that this is one 
fact that distinguishes the heat waves from the light waves. We 
can extend down for a long distance, almost to connect with the 
electrical waves which we are able to produce, but we have not 
yet bridged over a long gap which exists. When we come to ex- 
amine the whole spectrum of ether waves we pass up from the 
electrical into shorter waves which possess heating qualities. We 
pass on to shorter waves still light; we pass beyond these into 
waves which are still shorter, ultra violet; we pass on further, and 
we come where—perhaps to the X-ray, for the latest ideas in re- 
gard to these X-rays are that they are very short waves of ether. 

11. We can prove in a wonderful way that the heat waves are 
similar to light in that they may be reflected, refracted and polar- 
ized, 

12. Now the problem of heat transmission by radiation is the 
most diffieult. We know the least about it. A great deal has 
been done recently in unearthing the laws of radiation from black 
bodies, and in applying our knowledge of radiation to problems 
we have, first of all, to make a ealeulation of what it would be 
if the object were a black body. Then we must make estimates. 
Every kind of surface depending on its roughness and its tem- 
perature will send out or absorb different kinds of waves. In 
general, the higher the temperature of the body the more of the 
light waves, or shorter waves are sent out and the fewer the longer 
waves. The lower the temperature the fewer of the shorter 
waves will be sent out and the more of the long. Finally we get 
bodies which are not luminous at all, and then if we take bodies 
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still colder we find that they emit longer and longer rays the 
colder they become. Now the difficulty in applying the laws of 
radiation to practical engineering problems is that we do not know 
enough about surface conditions or radiation from cold bodies. 

13. Bodies differ a great deal in their power of absorbing rays. 
Some bodies transmit heat waves; some do not. We have, for 
example, in colored glasses, very beautiful illustrations of how 
some bodies transmit light waves and some do not. Some of the 
rays are absorbed and some can go through. ‘Tyndall has shown 
us that for heat rays water and ice are very opaque, and he has 
pointed out that of the longer rays which are emitted from an ob- 
ject heated one hundred degrees above its surroundings, the sur- 
roundings being the ordinary temperature of the room, these 
would be entirely stopped by a mass of water or a mass of ice. 
Ice is a little more opaque to heat rays than water. From the 
heat rays that are produced from an Argand burner only 11 per 
cent. penetrate a small thickness of water. The penetrating rays, 
however, manage to pass through further and thicker layers of 
water. The filtering process is very complete, but the rays which 
penetrate pass on through the water unabsorbed. 

14. This property of selective absorption which is shown by 
many substances is shown particularly for water, and it has only 
recently been proved experimentally that a large absorption band 
exists in the case of water for the longer heat rays. An absorp- 
tion band is a band in the spectrum where the rays have been 
removed. Now to make the explanation clear, consider some ex- 
amples. It is an exceedingly important point that I wish to bring 
out, and one which is to determine whether the long heat rays 
can penetrate water. Now first of all consider the spectrum. If 
we can study the light rays in regard to their absorption in bodies 
then we can apply our knowledge to heat rays. We find that each 
vapor or gas has its characteristic spectrum. A good illustration 
is afforded in the absorption spectrum of iodine or bromine vapor. 
The light transmitted through the vapor when refracted through 
a prism shows dark bands together with characteristic colors. 
These dark bands show where the light at that particular wave 
has been filtered out and been absorbed in passing through the 
vapor. 

Often the dark patches or absorption bands extend for a long 
distance through the spectrum. 

15. Tyndall showed that the long rays from copper heated 100 
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degrees are all stopped by water. Rubens and Aschkinass have 
shown that there is a dark band (an absorption band) in the heat 
spectrum of water, and therefore there may exist heat rays beyond 
this absorption band for the longer waves which will penetrate 
the water. There is nothing to prevent our making that assump- 
tion. I will admit that it is yet to be proved that such exists, but 
that such could exist seems entirely plausible. Take the bed of 
a river which is at the freezing point radiating heat off into space. 
The waves of heat which will pass off will be very long and they 
very probably consist of waves beyond the absorption band dis- 
covered by Rubens and Aschkinass. 

16. Having run over the various points in connection with heat 
transmission I want to dwell for a short time on the physical prop- 
erties of ice and water. Let us take ice first and briefly review its 
characteristic properties. We know that ice is very plastic; it 
can be molded into various shapes. We have examples of ice 
which has been pressed between heavy molds to form perfect 
spheres; and ice that is pressed in a cylinder may be forced out 
of a narrow opening. Ice, however, does not exhibit the charac- 
teristic properties of viscosity. This was pointed out by Tyndall. 
An illustration of this is the glacier action. A glacier in moving 
from a narrow passage to a wide passage cracks instead of adapt- 
ing itself to the wider passage. A glacier moving down over a 
very gentle slope will crack on lines at right angles, showing that 
ice is exceedingly brittle. Therefore, we cannot say that ice pos- 
sesses viscosity to any great extent, although it can be molded 
under pressure and made to run under pressure. Now the phe- 
nomena which enables it to give under pressure is probably due to 
another physical property of ice, namely regelation. We know 
that pressure sufficiently great will melt ice. One hundred and 
fifty atmospheres pressure will lower the freezing point of water 
and ice 1 degree Cent. It does this by squeezing some of the ice 
back into water; the temperature is lowered by the melting 
of the ice and the absorption of the heat. Regelation accounts 
for a great many ice phenomena of nature. A very beautiful ex- 
ample of regelation is Bottomley’s experiment. It is a block of 
ice being cut through by a wire attached to a weight. I dare say 
many of you have seen the experiment. The pressure of the wire 
at the point of contact melts the ice. The water runs around the 
wire and finds itself freed from the pressure and at a tempera- 
ture lower than its freezing point; it freezes again above the wire. 
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In this way the wire slowly creeps through the ice leaving it as 
strong after the wire passes as it was before. By means of press- 
ure we can freeze blocks of ice together—two pieces of ice brought 
together and pressed will stick together. <A slight film of water 
is formed on the touching surface and immediately the pressure 
is relieved the water in contact with the ice surface finds itself 
below the normal freezing temperature at once solidifies, cement- 
ing the two blocks together. 

17. There is another property which ice possesses and which 
has quite recently been measured. That is, it possesses the power 
of growing by itself; ice in contact with water exactly at the freez- 
ing point apparently goes on growing. You have all observed the 
beautiful growth of a crystal of alum or a crystal of sugar in a 
saturated solution of the alum or sugar, and how it gradually 
increases in size. Apparently ice does the same thing, only very 
slowly. As I shall explain to you presently water possesses ice 
in solution. The rate of growth of the ice crystals has been meas- 
ured. If we allow the natural rate of growth to go on it would 
form an inch in about two and one half years. So it does not 
form a very important factor in practical engineering problems. 
It forms an important factor, however, in this respect, that it 
helps to cement ice crystals together. It was Faraday who first 
showed that if we had some cracked ice floating in a vessel by 
taking one of the pieces of ice and bringing it in contact with an- 
other piece of ice it would stick to it; no pressure required, merely 
contact; and would draw it along. So he was able to get a whole 
train of six or eight pieces of ice in a vessel all being led by the 
first piece. This process of growth shows why these particles ce- 
mented themselves together when touched. For at the point of 
contact we have two ice surfaces with zero water between. The 
ice would be growing all the time and hence the two pieces in con- 
tact would at once adhere. A pressure is therefore not required to 
cause ice to freeze together. 

18. Now of the physical properties of water we have the most 
important, 7.e., maximum density. We then have the facts that 
water is opaque to heat rays and that it allows only a few of the 
heat rays to pass through. We have a further and quite an im- 
portant physical property, that below 40 degrees Cent. or about 
97 degrees Fahr. water commences to form ice; this ice remaining 
in the solution until the freezing point is reached. The propor- 
tion of ice increasing as the temperature falls and at the freezing 
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point we have actually a saturated solution of ice and water. It 
explains to us the maximum density of water and the minimum 
specific heat. 

19. The curve showing the variation of the specitie heat of water 
drops very rapidly from 0 degrees Cent. and passes through a 
minimum at 40 degrees. Now that is apparently due to the fact 
that besides the heat absorbed in the natural expansion of the 
water we have the heat absorbed in transforming those ice mole- 
cules into water molecules. That is as the temperature rises, the 
amount of heat that would be absorbed by the ice becomes less 
and less. At 40 degrees Cent. we have an exact balancing. 
rom 40 degrees upwards we have the water existing as a pure 
liquid, 

20. Now I think I have taken up the chief points in regard to 
the physical properties of ice and water with the exception of 
the great change in volume that takes place when water freezes, 
which has such an important influence in river ice formation. 


There is an increase of about 9 per cent. in volume, and this is 
exceedingly important inasmuch as the ice as soon as it is formed 
comes to the surface or remains on the surface. Take for ex- 
alple a sheet of quiet water which is cooled lower and lower by 
the advent of winter weather. The surface becomes cool; the 
cooler layers fall to the bottom until 4 degrees is reached. Then 
the warmer layers stay at the bottom and the cooler layers re- 
main on top. As soon as the surface gets to the freezing point 
ice forms. This ice spreads over the surface, usually from the 
banks towards the center, and gradually increases in thickness by 
conduction. 

21. To the convection of air currents we probably owe the fact 
that the ice spreads from the edges to the center, because the 
water heats the air and it therefore rises from the center and 
colder air sweeps in from the banks to the middle. We there- 
fore have the water along the edges always in contact with colder 
air than at the center. It has been considered that conduction 
plays probably the most important part in this phenomena. But 
the conductions of heat through the banks of the river is slow in- 
deed. It is so slow as to be practically negligible. 

22. Let us consider what goes on in the case of a river which 
is flowing too rapidly to form a surface of ice? Naturally we 
will have instead of the flat surface ice ice of finer quality formed. 
Each little piece of ice produced by the cooling of air on the sur- 
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face is carried down by the currents and submerged, rising to the 
top again as the currents carry it above. Not forming the pro- 
tecting layer of ice the flowing river loses a very much greater 
amount of heat and the fine ice is produced by agitation in very 
great quantities. This is to be expected if we stop for a moment 
to consider river ice formation. How is this heat taken away 
from the water? We have the three governing processes at work. 
Conduction is probably negligible; convection by means of air 
currents and radiation from the water which is warm compared 
to the air above it. 

23. Now you know that these fine crystals of ice which are 
formed and which are called frazil crystals, are swept down with 
the current and are carried by the current for long distances from 
open water under the surface ice. It was one of the discoveries 
of the Flood Commission of Montreal that this ice was found 
many miles below the bordage ice at the foot of the Lachine Rap- 
ids, where the greater portion of this ice is formed. An inspec- 
tion of the many diagrams of the Flood Commission for various 
sections of the St. Lawrence River below the city of Montreal, 
shows immense accumulation of frazil or what the engineers have 
called also sponge ice. It was found on examining this ice that 
it was very spongy. In determining the depth of the ice a leaded 
weight could be lowered through by slight pressure from above, 
and it was found that this ice accumulated under the surface ice 
to depths ranging from 30 to 35 feet. That it acted as a filter to 
the water which penetrated it was shown by the accumulation of 
a great deal of matter from the water, just as a sponge accumu 
lates slime from water. The great bulk of this ice which they 
found was manufactured in the Lachine Rapids, and in the reaches 
of open water extending about six miles from the ice sheet on 
Lake St. Louis. They found in many places below the rapids that 
there was more ice than water. The percentage of this ice be- 
came less as they obtained their suctions further and further 
below. Until finally, some twelve miles below, the frazil was ex 
ceedingly scarce. In general, wherever an open river flows un 
protected, quantities of this frazil ice are formed by radiation and 
by convection of air currents and wind agitation. These crystals 
of ice vary in size, depending upon the agitation of the water. 
The more rapid the agitation the finer they are, and the further 
they travel the larger they grow. 

24. There is another form of open water ice which we must 
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consider and which is primarily the subject of this paper, namely, 
anchor ice. Anchor ice and frazil ice are often mistaken for 
the same thing; as a matter of fact we must distinctly draw 
a line betwen the two. Frazil ice is ice formed in the water itself 
by surface agitation and other causes. Anchor ice is ice that 
grows on the bed of the river, on the rocks, on anything in the 
bed of the river to which ice may be attached. 

25. There is still a difference of opinion as to how this anchor 
ice grows; how it first forms; but I think when we consider the 
amount of heat which is lost from the surface of a river by radia- 
tion and the fact that much of this heat can penetrate through 
the water that we must admit that radiation plays an important 
part. When we consider further that this anchor ice is formed 
only at night when the radiation from the earth is a maximum, 
that as a rule it never grows under a bridge or under any object 
which would reflect the heat rays back again into the water, and 
when we consider that anchor ice apparently grows more rapidly 
on dark rocks than on light rocks then we must admit there is 
‘trong suspicion that radiation plays an important part in its 
formation. That anchor ice is built up as well by the freezing 
to the bottom of frazil crystals goes without saying. It could not 
'o otherwise. These surface currents carry down the fine pieces 
of ice, which passing across the layer of anchor ice which may 
have formed there by radiation become attached, and we have 
then great thicknesses built up in a single night. Anchor ice is 
forme.| partly by radiation and partly by the sticking to the bot- 
tom of these frazil crystals. Anchor ice, during a severe spell of 
weather, when it is cloudy by day and clear by night, attains a 
thickness of several feet, such that a pole or a stick placed on 
the ice will sink into it to considerable depths. When the sun 
rises it has been noted for a long time that these masses rise to 
the surface. The boatmen are very charry about going across 
an open channe! when the sun is bright, for these masses come up 
in great quantities. As soon as the sun gets at a sufficient angle 
so that its rays penetrate the water, they pass through the water 
and ice, warm the bed of the river and warm the water in contact 
with the ice. The ice rises with a characteristic hissing noise 
several feet above the water and then falls back turning white as 
the water drains out of it. It floats low in the water because it is 
saturated and waterlogged just as sawdust will float lower in the 
water than an equal mass of solid wood. ‘The fact that these 
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anchor ice masses float lower in the water than a similar weight 
of packed ice would, has given rise to the opinion that anchor ice 
was ice denser than normal and therefore held down by its own 
weight. There is no evidence whatever to show that ice of a 
greater density than normal exists and we therefore disregard 
that idea as being entirely untenable. Ice at one particular den- 
sity is formed and only one. The reason of anchor ice being fast- 
ened to the bottom is that it is actually frozen there. As evidence 
of its buoyancy, large masses of rock are sometimes brought up 
with the anchor ice and carried down the river. Anchor ice will 
earry large boulders which fill up the channel of the river, and 
that is one thing the Montreal harbor commissioners have to con- 
tend with in the harbor there. They have annually to remove a 
large amount of rock and boulder carried down by the anchor 
ice. This anchor ice when it comes up becomes disintegrated and 
is carried down with the currents, thus aiding the frazil in caus- 
ing the damming up of the channel. 

26. Now it was the problem set me by the Harbor Commis- 
sioners to determine if possible what were the relations between 
the temperature of the water, if any, and the formation of anchor 
ice on the bottom, and the peculiar agzlomeration of frazil erys- 
tals that takes place during very cold weather. It is a great diffi- 
culty that the engineer has to contend with in clear water with 
wind agitation that these little harmless particles grow in size 
very rapidly and form hard masses to which other crystals imme- 
diately adhere. Under certain atmospheric conditions ice agglom 
erates very rapidly and objects placed in the water become rap 
idly coated with it. It is a common phenomenon that if one low 
ers a bit of iron or metal into the water when the water is in this 
state that the iron will freeze at once to the bottom or to whatever 
ice it comes in contact with. Mr. Keefer, who has done so muc! 
in studying ice formation, has observed in going across the St 
Lawrence River during an exceedingly cold day when the water 
was very dull and appeared to be completely laden with frazi 
crystals, that he could feel the resistance to the motion of |i 
paddle as they attached themselves to it, sticking out at righ! 
angles like long needles. 

27. We designed a suitable form of resistance thermomete: 
and undertock in the winter of 1896 to determine if possible an 
variation in temperature from the freezing point under the sur 
face ice. Accordingly, a shanty was provided for the instrument 
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in a suitable spot opposite Montreal, and in February of that year 
the instruments were taken out and observations commenced. 
We wanted to know how much the river differed from the freez- 
ing point. The method of observation which was adopted was a 
differential one, determining the temperature of the river by a 
difference from a carefully prepared mixture of ice and water. 
A very sensitive galvanometer was used and any changes were at 
once detected by cither a change in the galvanometer or a change 
in a suitable measuring wire. The wire having a seale, as I men- 
tioned before, of 8 inches to the degree centigrade. Now the diffi- 
culties encountered were very great, and I may sav although about 
five weeks were occupied in these measurements only half a dozen 
measurements could be obtained, for troubles arose from the 
breaking of the thermometer; from the breaking of the galvane- 
Ineter owing to the roughness of the shanty, and from the varving 
magnetic tield due to the heating apparatus, 

28. The results of these observations have been published, and 
it was found during the entire time, with a variation of air tem- 
perature from 28 below to 40 above, the river under the surface 
ice never varied as much as one one-hundredth of a degree from 
the freezing point. That during the entire time of the observation 
no deviation as much as that could be measured and as a rule the 
variations were within a few thousandths of a degree. A severe 
-pell of cold weather would cause a slight drop in temperature 
and vice versa. 

29. The tube of the thermometer passed out through the 
shanty to the river, from a shelf where rested the galvanometer 
and measuring instruments, which I may say were of priceless 
value as they were unique of their kind. The bulb of the ther- 
mometer was encased in lead 6 inches long connected with wires 
encased in lead 100 feet long which passed up into the shanty. 
First of all an exact balance was taken between the resistance of 
the two bulbs when both were immersed in the ice and water 
mixture in the shanty. The watehman then carried the bulb 
directly out and put it into the river, and after a few moments 
another balance was obtained. It was possible to obtain at onee 
a change in reading giving by reduction of the temperature. 

30. The following winter, observations were made at the La- 
chine Rapids because it was considered that possibly the water 
under the ice opposite the city came to the freezing point because 
it flowed so far under the surface sheet of ice. The shanty pro- 
37 
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vided was smaller again than the one we had before and there 
we had further difficulties. It was placed on the coffer dam of 
the Lachine Hydraulic Company, then under construction, and 
just at this point the water was running at a very high velocity. 
This sheet of water is entirely open and flows rapidly from a 
point about five miles above the dam and sweeps around this 
eurve with a tremendous velocity and a great deal of surface agi- 
tation. 

Fig. 202 shows the position of the observation shanty. The dam 


is seen extending out to the corner where the shanty was placed; 


Fig. 202.—OBsERVATION Saanty, LACHINE, WHERE TEMPERATURE MEAS 
UREMENTS WERE MADE OF THE WATER 


the river runs down here to the rapids proper Which are just al 
this point. 

31. Fig. 203 shows the agitation of the water as it passes dewn 
around the ice which grew out from the edge of the dam. The 
watchman with the thermometer in his hands is seen prepared to 
put it in the water. This was a good spot to observe the river 
temperatures, because from this point, for say five miles, th 


river being a mile wide and fairly shallow, the water w: 


cooled by air currents. Therefore one would expect that i 


water ever got cooled much below the freezing point it would 
have a chance in this case. The water was only a few feet dec} 
near the dam but became rapidly deeper as we got out. Thi 
thermometer tube could be bent and placed at quite a distanc: 
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under the ice edge so as to be protected from radiation. Meas- 
urements were carried out for about six weeks in this position 
and we got slightly greater variations than under the surface ice 
the winter before, but as far as the lowering of temperature was 
concerned it could be limited within one one-hundredth of a degree 
centigrade; and the greatest lowering of temperature observed 
during a very severe day was six thousandths of a degree. 
Photographs taken of the agitated water on a mild day and 
ona cold day show distinctly a difference. On the mild day the 
water looks softer and less stiff, but on the severe day it looks 


Fic, 203.—ATTENDANT ABOUT TO PLACE THERMOMETER IN WATER, 


harder as though the spray was at once frozen and fell back as 
ice, Great masses of anchor ice would rise near me and go floating 
down past the shanty. They look like a great mass of solid ice, 
but if one should attempt to test their soundness one would go 
‘ight through. We have witnessed many hundreds of these ris- 
ing to the surface after the sun gets up. 

32. Table L. shows the results obtained in these measurements, 
with water temperatures, clearness of sky, wind and miles per 
hour between the rapidly flowing current and the quiet back 
water just below the point of the dam. As the current was swept 
around the dam, some of the water came back and formed an 
eddy. 

On the third, the sky was clear and the weather was fine. 

On the fifth we have + 32 degrees and — 3 degrees; wind 
much lighter; and a temperature above freezing of 0.02 of a de- 
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gree. The reason of that is the great deal of sunshine, 88 per 
cent. 

The seventh was a rainy day. We obtained quite a rise in 
temperature ; nearly 0.02 degree above freezing. 

On the following day it was raining also. We find the intlu 
ence of the rain making itself felt in the river. 


TABLE I. 


Ain Temp DIPFERENCR FROM 
Sunshine 


per cent, 
if 


FREEZING Point IN 
DEGREE CENTIGHADE 


FAHRENHELT 
DrGRees 
i) 


Max Min possible Current 


SY Clear, 
5th... + 3: : SS 
tth... + 38 + 27 Raining : + O.O19T + 
Sth... + % + 2 00 + 0 0547 + 0.0415 
+ 94 Clear. + 0.01387 + 0.0151 
12th... O00 Stormy, 0065 — 0.0068 
Lith...) + & 67 Clear to cloudy. 17.6 + 
March Ist... + 2% 25 0 

During these two days of rain the river was fairly well cleared 
out of floating ice; very little ice could be seen. On the twelfth 
a very stormy day with a high wind, 21.1 miles an hour: ne sun 
shine; a mean temperature of about 7 degrees, we found a low- 
ering of the temperature of six to seven thousandths of a degree 
and the measurements corresponded very closely for the current 
and quiet water. During this day the river was filled with fine 
particles of frazil and a great deal of ice was formed. I might 
say that as one of these measurements was being made the ther 
mometer bulb was resting on the ice on the bottom and when | 
came to remove it I found it frozen solid there, and it was wit! 
great difficulty that I was able to remove it without injury. 

The next observation on the thirteenth was made with a clea: 
sky as you see here again the temperature is above zero. 

The next observation on the fifteenth was similar, with a fair! 
high temperature; 33 degrees maximum and 24 degrees min 
mum. We get the influence of the sun again. 

This table illustrates one thing very clearly, that the marg! 
between the disintegration of the ice and the formation of 1! 
ice is exceedingly narrow. That it is only a few thousand! 
of a degree. These high temperatures are all influenced by t! 
sun’s rays being absorbed in the water. 


Date 
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33. Table IL. is reproduced to show the effect of the sun’s rays 
in the water. 
TABLE II. 


in Locality | Air Temp 


Sunshine | 


| 
| 
Feb. 13th. | 100 ft. from surface (bottom). | + 16° Fahr. 


| 0474 
‘Shallow current. .0461 
Feb. 15th. \3 ft. from surface, -0423 | 30° Sky Clear. 
jJust under edge ice. 
|Deep current. + .0280 | 
Bottom of back water, sun clouded. + .0112 | ‘‘ Cloudy. 


On the 13th of February, five feet from the surface, we got a 
ineasurement 0.0186 degrees Cent., the air temperature being 16 
degrees Fahr., at two feet it was 0.0474 degrees Cent. Although 
the air just above it was at 16 degrees Fahr., on the fifteenth sim- 
ilar measurements were made. During the time of that measure- 
ment, which is the same locality as before, the deep current and 
quiet water, 3 feet from the. surface, were both 0.0423 degrees. 
The sun clouded over and the effect was at once seen in that the 
temperature had dropped from 0.0423 degrees Cent. to 0.0112 de- 
grees Cent. Now if the sun had remained cloudy and the air 
cool the water would have dropped to the freezing point and a 
little below. The great influence which the sun has in warming 
the water is illustrated by the fact that anchor ice never forms 
and river ice never has any serious effects while the sun is shining. 
34. Pig. 204 is a diagram which illustrates the narrow margin of 
mperature with which we have to deal in river ice formation. 
ihe horizontal axis represents the per cent. of ice in the water. 
On the vertical scale we will put the difference of temperature, 
) us above and minus below. Starting from the point represent- 
ing pure water and carrying off a fixed and definite amount of 
leat per second, we would find that the temperature of the water 
would drop to about 0.0104 degrees, and ice would immediately 
commence to form. As the percentage of ice became larger the 
temperature approaches the true zero degrees Cent. Conversely, 
‘uppose we start with 50 degrees of ice and continuously apply 
heat to melt the ice, the temperature will rise a little above the 
freezing point, and as the percentage of ice grows less the tem- 
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perature rises higher. In the river the condition would be rep- 
resented by the dotted region. That is, we would never get be- 
yond a certain percentage of ice in the open water. We might get 
20 per cent., but not exceeding that in the open water. Here we 
would find the temperature fluctuating between limits represented 


014 


Decrees C,+ 


DEGREES C.— 


Fig. 204.—FREEZING TEMPERATURE DIAGRAM. 


by that dotted line depending on the river losing or gaining heat. 
When the air temperature is sufficient to cause a rapid abstraction 
of heat the process of freezing goes on and the temperature fal!- 
slightly below the freezing point. The reason for this is pro! 
ably that ice only crystallizes at a fixed rate. If we abstract hea' 
rapidly enough and the water cannot freeze rapidly enough ‘to 
keep the temperature up to the freezing point the only thing that 
can happen is that the temperature must drop a little below. 


Ice 
.05 
| 
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When the reverse process takes place and heat is applied to the 
mass of water, the ice will not be able to melt fast enough to 
keep the water cool, and the mass will in consequence be a little 
above the freezing point. The less the amount of ice present the 
more the temperature will rise or the lower the temperature will 
fall for any given rate of gain or abstraction of heat. 

35. I hope I have made it clear from the diagram that what 
we have always considered to be a fixed and definite temperature, 
namely, zero centigrade, or 32 degrees Fahr., is really not abso- 
lutely fixed. It varies a little one way or the other, depending 
upon whether the mixture is receiving heat rapidly or losing it 
rapidly. 

I have made measurements of these differences up to 20 per 
cent. of ice and the method I adopted was a simple one. I took a 
quantity of water and cooled it rapidly by bubbling liquid air 
through it. This liquid air carried off a definite and regular sup- 
ply of heat from the water and the agitation of the water caused 
tine erystals of ice to form, looking in every way like frazil erys- 
tals. Just before they formed the water sank to —0.014 degrees. 
As soon as the ice began to form the temperature rose rapidly. 
On adding fine crystals of pure snow to the water to increase the 
percentage of ice the temperature rose nearer to the freezing 
point, —0.006 degrees Cent. : 

36. Now as to the rate at which surface ice will form, I would 
say that we were intending to try some experiments this winter 
to determine the answer to that question. I have recently ex- 
amined into the data on the matter and I think a very simple 
formula based on mathematical calculation can be obtained to 
represent the rate at which ice will thicken; and I should like 
this to be tested experimentally some time and so put on a firm 
basis. But we can write this expression here as connecting the 
time T at which ice will grow with the thickness. We find that 
r= a G + “) where IL = latent heat in calories (8.0); s = 
density of ice (0.9166); K is thermal conductivity (0.0057 cal. per 
square centimeter per see. per deg. diff.) ; 6 = temperature differ- 
ence between ice at 32 degrees and the air temperature; d is the 
thickness of the ice sheet in centimeters which will grow in a 
time seconds. 

This gives the thickness of the surface sheet with water tem- 
perature at 32 and air temperature 3 degrees below zero Fahr. ; 
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as 3 feet in 44 days. Starting with water without any ice on it 
at all it gives a thickness of ice of 3 inches in eight hours. I 
think in most places this would represent fairly closely the rate 
of the growth. 

37. I wish now tg say something in regard to the measurement 
of temperature with these electrical thermometers. I have worked 
for a great many years with them, and I may say that they are 
capable of the greatest possible refinement. I have here a num- 
ber of differential thermometers which I used in my experiments 
and in verifying my conclusions in regard to the natural growth 
of ice, I used a pair of differential thermometers reading tempera- 
tures to 0.0001 degrees Cent. 

An examination of these thermometers will show that they con- 
sist of a coil of platinum wire. Their limit of accuracy depends 
upon the limit to which we can measure resistance. When we con 
to measure hundredths of a degree the mercury thermometer be 
comes troublesome; when we come to measure thousandths of a 
degree the mercury thermometer is almost impossible; when we 
come to measure ten thousandths of a degree we cannot use the 
mercury thermometer at all. To measure ten thousandths of a 
degree with platinum thermometers difficulties are of course met 
with. Some observers claim to have obtained measurements to a 
millionth of a degree. I do not attach much weight to that be 
cause I do not think anybody knows what a millionth of a degree 
means. 


Battery 


Compensator 


G 
“% % Bridge Wire 


Fie. 205.—DIaAGRAM OF PLATINUM THERMOMETER CONNECTIONS. 


38. The diagram of connections for the platinum thermomet«r 
is shown here (Fig. 205). Two ratio Goils 2, R., one arm wi! 
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the coil attached, ?, together with the necessary leads, a fourth arm 
containing the compensating leads and balancing resistance, forms 
the Wheatstones bridge arrangement. The compensating leads 
are equal in length to the thermometer leads and run side by side 
with them. 

In the differential arrangement, Fig. 206,we have a double set of 
connections. The compensating leads of thermometer A are con- 
nected in series with thermometer B, and the compensating leads 
for thermometer B are connected in series with thermometer A. 
Thermometers 1 and B, forming the differential pair, are con- 


Fig. 206.—DIFFERENTIAL THERMOMETER CONNECTIONS. 


nected to opposite arms of the bridge. There is a bridge wire 
on which small variations can be measured and if the reading 
woes beyond the bridge wire compensated resistances may be in- 
troduced. In this system we have everything compensated for. 
We must not have any coil that is going to vary with tempera- 
ture at all. The coils that are to balance the change of resistance 
in the thermometer must be compensated. The box which I used 
was one that had been carefully compensated. There are only 
two of these in existence. One is owned by Professor Calendar 
of London and the other by myself: Professor Calendar made 
his and I made mine. I was over a year in making the box, and 
each coil was separately compensated and placed in the box; and 
there are a number of such coils so that it took a great deal of time. 
39. The principle of the compensating lead was introduced by 
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Professor Calendar and renders the readings independent of the 
length of connecting wire. I am successfully operating a ther- 
mometer placed nearly a mile away from the place of observation. 

Of course the details of construction were worked out carefully, 
such as placing the coils in lead tubing; everything worked fairly 
satisfactorily. A very sensitive galvanometer is required. For 
less accurate work the telephone can be used to replace the gal- 
vanometer. 

40. Variations of resistance which determine the temperature 
are measured on a scale made in any convenient form. The bat- 
tery is located as shown in the diagram, as is also the galvanom- 
eter circuit or telephone, which may be used in place of the gal- 
vanometer. 


These scales can be graduated in any way that we wish and 
they may be made to read with any degree of accuracy. We can 
get a degree ten centimeters long or a degree one-tenth inch long. 
It does not make any difference. The bulb is connected with the 
wire, which is connected to a direct reading scale connected with 
a contact piece that slips along the wire. There is nothing to 
break the circuit for the use of the sepia eieats except the inter- 


rupted contact. 

41. The wire of a platinum coil is about 0.006 to 0.007 of an 
inch in diameter. The wire for the bridge may vary from sixteen 
thousandths to twenty-five thousandths, or even only ten thou- 
sandths of an inch. It depends on the condition. 

Evaporation would have quite a considerable influence on 
the loss of heat and consequent formation of ice, but it is prob- 
able that it is small compared to the other agencies at work. At 
night we have a clear sky practically free from water vapor, and, 
therefore, the heat is almost unabsorbed. That is, it passes 
through the layers of air without any reflection back again. On 
a cloudy night the rays are reflected back into the water. Gen- 
eral calculations can only be made under given conditions. The 
average heat we receive from the sun is about 0.05 calorie per 
square centimeter per second. 

We know about what the surface of a black body will radiate 
or how much heat will be given off. Such surface radiation is 
about 0.0003 calorie per square centimeter per second per degree 
difference of temperature. 

That seems very small, but if you consider what the radiation 
is from the large surface of a river it seems much greater. 
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43. Suppose we make a calculation of how much heat would 
be radiated at 32 degrees Fahr. to air of 0 degrees Fahr. We 
would find if we applied our calculations that about four and one- 
half pounds of ice would be formed per square yard per hour. 
Now if we consider the radiation from the water surface at night 
into space at absolute zero then we would get 80 pounds per 
square yard per hour formed. So you see how very much greater 
the radiation would be on a clear night and what a large propor- 
tion of ice would be formed. That is merely by radiation. Of 
course these calculations are based on assumptions which very 
seldom hold rigidly in actual conditions. From the river bottom 
there would be a smaller proportion of ice formed. We would 
get an inch of solid ice formed in about six or six and one-half 
hours. 

44. The effect of pressure has a strong bearing on the question 
of the state of the ice, as it tends to lower the freezing point. One 
hundred and fifty atmospheres lowers the freezing point 1 de- 
vree Cent. One foot of water-pressure would lower the freezing 
temperature then about 0.0022 degree Cent., which would be about 
0.0004 degree Fahr. This means that the undercooled surface 
lavers if submerged deep enough would be at or above their freez- 
ing point. The ice erystals which on the surface would. stick 
together from the fact that they were at temperatures below their 
freezing point would not stick together at a great depth. 

45. Now the effect of falling water is to generate heat. One 
foot of fall would raise the temperature 0.00131 degree Fahr., or 
0.0007 degree Cent. You see that water falling rapidly would 
have an important influence in counteracting the slight under- 
cooling. But it would have to fall rapidly to counteract the cool- 
ing effect of air at or below the zero point. In the case of water 
flowing several feet in several hours this effect of heating by fall 
would be negligible. But if it was falling rapidly over say a head 
or a natural fall it would have an important influence. But it 
would be much smaller than calculation on account of the amount 
of mixed air; and the exact influences could only be determined 
by measurement. 
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DISCUSSION. 


The President.—I am tempted to add a word myself on this 
paper because it is such a beautiful illustration of the value of 
the precise work of the physicist to the practicing engineer. 

These temperature observations have been made by Professor 

Jarnes with a degree of precision never before attained, ranging 
from the thousandth part of a degree Fahrenheit in some experi- 
ments, down to hardly more than a ten-thousandth part of a 
degree in others, and because of this extreme precision they have 
served to explain many of the phenomena of anchor ice with 
which the practicing engineer has to deal. 

In my own practice, during the last winter, 1 have had occa- 
sion to make very careful studies of anchor ice on the St. Law- 
rence river at a great water power about a hundred miles up- 
stream from Montreal, and nothing that I have found in scien- 
tific publications has been so illuminating and instructive as this 
work of Dr. Barnes in explaining many of the phenomena of 
anchor ice. 

Those who have dealt much with water power in northern 
latitudes know that anchor ice is one of the greatest obstacles to 
keeping the wheels moving, and that there are many things about 
its formation and about the release of its grip on the bottom that 
have been very hard to explain. I recall a story told of an ex- 
perience they once had at Lowell, Massachusetts, where, on at- 
tempting to hoist the gates that supplied the northern canal, the 
turbine by which the canal head gates were hoisted refused to 
work, and it was found to be completely choked with anchor 
ice. The factories’ turbines could not be supplied and all was 
trouble and confusion while they slowly and laboriously worked 
the head gates up by hand. Finally, before this was accom- 
plished, the sun rose to a point where it shone in the water in 
front of the turbine, and in a very few minutes the turbine 
started. It was suprising that that brief glimpse of the sun- 
shine was sufficient to free the turbine from the anchor ice, but 
this work of Dr. Barnes, showing that the temperature of the 
water has to be raised only a few thousandths of a degree in order 
to cause the anchor ice to cease its grip, explains the matter. 

In the St. Lawrence river, between Ogdensburg and Mont. 
real, the anchor ice forms in great masses on the bottom of tli 
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channel on cold nights at points where the current is so rapid 
that the surface of the river does not freeze over, but as soon as 
the sun comes out in the morning this anchor ice will let go its 
hold on the stones in the bed of the river and rise in broad sheets 
and over such large areas that the boatmen have learned to be 
very cautious about venturing out on the river near the rapids 
at such times; for these jelly-like masses may suddenly rise about 
the boat and impede rowing it or guiding it ashore. It has here- 
tofore been very hard to understand how such a brief action of 
the sunshine could cause these masses of ice to let go their hold 
on the bottom, These experiments of Dr. Barnes show that 
the quantity of heat—the number of thermal units—necessarvy 
to raise the temperature of the water so that this ice will cease 
being ‘‘ anchored ”’ to the bottom is an exceedingly minute quan- 
tity. 

Some Canadian engineers, and others interested in this sub- 
ject, have recently made an application to the Carnegie Institu- 
tion for a grant for the purpose of continuing these studies by 
Dr. Barnes, and we earnestly hope the wherewithal may be pro- 
vided for this precise and accurate investigation. It promises 
much to the water power engineer. 

Mr. William F. Mattes.—My. President, you touched upon 
one point that occurred to me as the paper was being read, and 
that is whether these experiments included any note of the 
difference between still water and water that is agitated. | 
remember an old experiment that we made when I was a boy, 
where, under certain conditions, a vessel of water could have 
its temperature lowered by the surrounding atmosphere to a 
little below the freezing point without giving any evidence of 
freezing, but that a little jar or shake would start crystals of 
ice shooting across its surface instantly. I thought possibly if 
that feature had not been taken into consideration it might 
modify the results of these experiments. 

The President.—That was taken into consideration by Dr. 
Barnes, and my recollection is that he made certain experiments 
which showed that water absolutely quiet as, for example, con- 
tained in a vessel on the stone pier of a laboratory, could be 
cooled several degrees below 32 Fahrenheit without ice forming 
in it, but when thus undercooled, the simple act of sriking the 
vessel containing the water would cause ice crystals to form 
instantaneously through it. Where the water is in motion, as 
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it always is in a flowing canal or a river, there is always an 
amount of turmoil, eddying and motion going on which makes it 
impossible to cool the water more than a hundredth part of a 
degree below 32 Fahrenheit however intensely cold the atmos- 
phere may be. 

Mr. Barnes.*—In reply to Mr. Mattes’ question, it may be 
said that much attention has been devoted to the surfusion of 
water. As early as 1724 Fahrenheit found that a glass bulb 
filled with water and hermetically sealed could be cooled con- 
siderably below the freezing point-+without solidification setting 
in. Gay Lussae also, in 1836, cooled water under a layer of oil 
to -12 degrees Centigrade, but the slightest shake was found 
sufficient to cause ice to form. Dufour, in 1863, succeeded in 
cooling small drops of water suspended in another liquid of 
equal density to -20 degrees Centigrade. In all cases the water 
was as pure as possible and free from dust. Wherever water is 
kept perfectly quiet, and as free as possible from dissolved air, 
it is possible to supercool it. Agitation or the presence of the 
smallest ice crystal starts the solidification, after which super- 
cooling is impossible. In view of these facts it is exceedingly 
improbable that running water with exposed surface, containing 
in nearly all cases quantities of denudated material and dissolved 
air, and subjected to wind agitation, can become cooled appreci- 
ably below the freezing point. 

In some experiments which I carried out on the ‘* Specific Heat 
of Supercooled Water’ it was found very difficult to cool water 
with exposed surface more than 4 or 5 degrees below the freezing 
point without ice forming. The mere touching of the thermom- 
eter against the sides of the vessel under the surface of the water 
was enough to start the ice. 

In regard to the natural growth of ice, it seems that Faraday 
had an idea that this took place even when the temperature of 
the surrounding air was considerably above the freezing point. 
He states that a small quantity of water surrounded on every 
side by ice has a natural tendency to become ice. This bears out 
the fact that two blocks of ice placed in contact do not unite 
unless they are moist. After trying to explain Faraday’s conclu- 
sions in a number of ways, Professor J. Thomson finally pointed 
out that the analogy may be found in the crystallization of salts 
from their aqueous solutions. The matter is one, however, which 
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requires further careful investigation, especially as to the rate 
of growth. 


Tam sure that it is only with an accurate knowledge of the 
physical laws underlying the formation of ice that we can hope 
to successfully handle the ice problem as it presents itself in its 
various aspects to the engineer. 

If we cannot hope to cope with nature in preventing the forma- 
tion of ice, we can certainly so guide our efforts as to minimize 
its influence on the great water power development of our country. 
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BELT CREEP.+ 


BY WM. W. BIRD, WORCESTER, MASS. 


(Member of the Society.) 


1. The question of the minimum amount of slip of a belt in 
transmitting power from one pulley to another, reduces itself to 
a question of creep, for it is possible to have belts large enough 
so that with proper tensions, there will be no regular slip. With 
a difference in tension on the two sides and elasticity in the belt, 
creep however is bound to take place. What does it amount to and 
what allowance should be made for it? 

2. In Fig. 207 let A be the driver and B the driven, 7, the ten- 
sion in the tight side of the belt and 7, in the skck side, the pul- 
leys and belt running in the direction indicated. One inch of slack 
belt goes onto the pulley B at o and at or before the point p, it feels 
the effect of increased tension and stretches to 1 + s inches. It 
now travels from p to m and goes onto pulley A while stretched. 
At or before reaching the point n, as the tension decreases it con- 
tracts to one inch and so completes the cycle. 


* Presented at the Scranton meeting (June, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the Trans 
actions. 
+ For further discussion on this general subject consult Transactions as follows: 
No. 98, vol. 4, p. 165: ‘ Belting to Connect Shafts which are not Parallel.” 
J. B. Webb. 

No. 202, vol. 7, p. 347: ‘‘Transmission of Power by Belting.” (M. I. T. Ex- 
periments. ) 

No. 213, vol. 7, p. 549: ‘‘ Experiments on the Transmission of Power by Belting.” 
Wilfred Lewis. 

No. 251, vol. 8, p. 529: ‘‘Comparative Value of Different Kinds of Leather 
Belting.” Webber. 

No. 568, vol. 15, p. 204: ‘‘ Notes on Belting.” Fred. W. Taylor. 

No. 797, vol. 20, p. 136: ‘‘ Variation of Belt Tension with Power Transmitted.” 
Wm. 8. Aldrich. 

No. 808, vol. 20, p. 466: ‘‘ Relation dbetween the Initial Tension and Power 
Transmitted by a Belt.” F. L. Emory. 
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3. With a light load the belt creeps ahead of the pulley B at 
or near the point p. If the load is heavy, the creep works towards 
the point o and the belt may slip; this also takes place when the 
belt tensions are too light even with small loads. 


— | 


Fig, 207. 


4. On the pulley A the belt creeps back relative to the pulley 
surface at n and as in B may extend to the point m when regular 
slip will oceur. 

Notation. 


Let x = per cent. of slip. 
v, = pitch velocity of driver. 
v, = pitch velocity of driven. 
¢ = difference in tension per square inch. 
# = modulus of elasticity. 
= stretch in one inch due to ¢. 


= 


The following table gives the per cent. of creep for various 
tensions and values of the modulus of elasticity. 


TABLE I. 


Per CENT. CREEP. 


| Mopvtus or Exasticiry. 

Effective Tension 
per sq. in. | 

10,000 | 15,000 20,000 


25 
100 
125 
150 


175 


. 
n 
Ts 
( Wey 
t=- = =, 
V2 1 t + t 
= 
1.96 .99 .66 .50 
2.44 1.23 .83 .62 
2.91 1.48 .99 74 
3.38 1.72 1.15 
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5. In order to determine a value for the modulus, a number of 
experiments were made on 4 and 6-inch single and double endless 
leather belts’ The tension in the tight side was taken as 50 pounds 
per inch of width for single belts and 80 for double. The ten- 
sion in the slack side, 20 for single and 32 for double. The belt 
testing machine in the Engineering Laboratory of the Worcester 
Polytechnic Institute was used, the dynamometer being removed 
so that the belts ran without load. The sum of the tensions being 
made twice the desired tension, first for the tight and then for the 
slack side, changing as rapidly as possible from one to the other, 
the belt running about one thousand feet per minute horizontally. 
Readings were taken on a seale which showed the distance be- 
tween the centers of the two 18-inch pulleys which were used. 
In this way what might be called the running modulus of elas- 
ticity was determined for the given range of tensions. The fol- 
lowing table gives the results, being the average of ten tests for 


each belt. 


TABLE Il. 


Area of Tension | Modulus |Correspond 
Belt. Cross | 7, T, T,-T, per Length. |Stretch. of ing percent 
Section. 3 Elasticity. | of Creep. 


| 
295.3) 2.095) 19.665 


4-in. single.| .86 | 200 80 120 


| | 139 
6-in. single.| 1.34 | 300 120, 180 | 134.83 298.6/2.025 19.475 | .67 
4-in. double | 1.3 | 320 128 192 | 147.69/ 293.2/1.992 21.240 | 67 
6-in, double | 2.02 | 142.57 294.0/1.962, 21.360 | 


480 192 288 
{ | 


6. With an ordinary leather belt running under the conditions 
named, which are generally considered good practice, the creep 
should not be over one per cent. 

Figs. 208 and 209 give the front and rear views of a model for 
showing creep. The two pulleys are the same size, one being con- 
nected to a dial and the other by gears and shafts to a pointer on the 
dial. The driver is turned by a crank and pinion while a brake on 
the driven supplies the load. In this way the creep is shown, and 
by using an elastic band the driver may run twice as fast as the 
driven without regular slip. The gears and pointer on the left 
hand side of the model are for the purpose of showing the speed 
of the belt as it goes onto each pulley, which is simply another 
way of showing creep. 

7. In connection with these experiments it was found that the 
modulus of elasticity of leather belting was a very uncertain quan- 
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tity, the regular. testing machine methods giving all kinds of re- 
sults. That it varies in actual working condition has been shown 
by numerous experiments reported to this Society, which show 
that the sum of the tensions increases with an increase in the 


208. 


difference of tensions or load, the distance between centers re- 
maining constant. 


8. As the method employed in getting values of / in the tests 


in Table Il gave uniform results, the same plan was used for an 


investigation as to how the modulus varied for smaller changes 


in the difference of tensions. These experiments were made first 


Fie, 209. 


on a 4+-inch single endless belt running about one thousand feet 
per minute without load. Starting with 300 pounds whieh would 
be about the sum of the tensions for ordinary conditions, it was 
decreased 25 pounds and then increased 25 and so on as given in 
Table III. This corresponds to what takes place in practice, the 
tension is uniform with no load, decreases in the slack side and 
increases in the tight as the load comes on. After allowing the 
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belt to run long enovgh at 300 pounds or 150 tension to adjust it- 
self, the sums were changed as rapidly as possible and the distance 
between centers noted. 

TABLE IIL. 


No. Test. Tension. Length. No. Test. Tension. Length. 
195.0 | 206.18 |]19.............. 75.0 295.08 
112.5 | 205.94 |/14.............. 62.5 294.76 
100.0 295.68 | 


Fig. 210 shows the curve for these results. 


| 
_ |_| |BELT| TESTS} _| 
} | | | | MADE AT | | | 
208.0} WORCESTER-POLY TECHNIC 
| | | | | | worcester, mass. | | | | 
| | | | | woe | | | 
4" SINGLE BELT, ENDLESS. | 
= 207.0 — + + «— + —_ + + 
z =a 
296.5}——+ 
4 | 
w 
w 
| 
2 095,51 — 
295.5 
294.5, +_+_ +_ + + + — 


0 20 4u 60 80 100 10 140 100 130 200 20 «63240 
Bird, WW. TENSION:—T,. 
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9. By combining these experimental results so that the sum of 
the tensions in each case is 300, the lengths of the belt for various 
differences of tension are obtained by taking half of the sum of the 
lengths corresponding to the given tensions. 

10. Table IV. gives the result of these combinations and the 
lower line in Fig. 211, the corresponding curve. 


LENGTH OF BELT:—iINCHES. 


BELT CREEP. 


TABLE IV 
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| 


Tests. 7,-T, Length. 
300 100 296 .50 
300 150 296 .36 
300 175 296 . 27 
TABLE V 
Tests + Length. 
400 138.4 297.14 
| 400 207.0 296.88 
| | BELT, Tests 
|| |MADE 
}+-WORCESTER-POLYTECHNIC: INSTITUTE 
__ WORCESTER, MASS. | 
| | | 4SINGLE BELT, ENDLESS. | 
297.2 


11. Regular tests of the same belt run on the belt testing ma- 
chine before the absorption dynamometer was taken off, gave the 
results given in Table V. The sum of the tensions, however, was 
vreater in these tests, but the dotted curve in Fig. 211 shows that 
the belt decreases in length with increase of load in actual tests 


0 100 120 


DIFFERENCE OF TENSIONS:—T,—Te. 


Fig. 211. 
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| |BELT| TESTS, 
WORCESTER POLYTECHNIC INSTIT 
|_| |__| Worcester, MASS. 
_|_| | | | WORCESTER, MAS 
| | | | | | | 49% | 
| | | | 6” SINGLE BELT, LACED. 
503.0 
4, 
302.5 
x | 
02.0 
a 
4 
sous] | | | | | 
BERS 
| | 
301.0 RES 
| | | 
80 
Bird, WW. ON: 


in about the same way as shown by the combination curve in the 
same figure. 

12. In actual practice where the distance between the centers 
remains constant, the sum of the tensions increases with the load 
for the reason that starting with a uniform tension, as the load 
comes on, the amount of stretch on the tight side, corresponding 
to the increased tension is not as much as is required to relieve 
the tension in the slack side an equal amount. Therefore in order 
to get a given difference in tension, it is necessary to increase the 
tight side more than the slack side is decreased, or in other words 
the sum of the tensions increases with the load. 

13. Table VL, gives the results of tests on a 6-inch single laced 


TABLE VI. 


Test Tension. Length. Test Tension. Length. 
300 100 301.14 
325 303.50 || 


rT 
|_| | | 
tt 
| | | | | | 
280 320 360 400 440 480 
—T. 
Fie, 212. 
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TABLE VII. 


belt, what would be considered as an old belt, and Fig. 212 gives 
the corresponding curve. Table VII. is the combination of the 
tests and Fig. 215 the curve. 

14. The modulus of elasticity varies in these tests from 12,000 
pounds per square inch to about 30,000. The increase in this is 
largely due to the time element, for the belt would stretch more 
if it had time, but before an inch of the belt, when it is running, 
can stretch to a natural length for 7',, it returns to 7’, and starts 
to contract. The conclusion drawn is that the modulus increases 
with the tension when the belt is running and is probably larger 
the greater the speed. 


BELT TESTS 
| MADE 
WORCESTER-POLYTECHNIC INSTITUTE— 
WORCESTER, MASS. 
1905. 
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303.00 


002.9 
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0 40 80 120 160 200 240 2380 3 360 400 440 480. 
Bird, W. W. OIFFERENCE OF TENSIONS:—T,—Te, 


Fie. 213. 


591 
302.8 
302.7 


592 BELT CREEP. 


15. Allowing the belt to adjust itself for each tension static- 
ally the average value of EF for these belts was about 12,000, 
while 20,000 is a fair value for ordinary working conditions. 

16. Of course the sag in the belt varies with the tensions and 
has some effect on the question of the length of the belt. In 
these tests the 4-inch belt showed a difference of less than half an 
inch in the sag for the range of tensions used and still less in the 
6-inch belt. As the pulleys were about 10 feet apart it ean be 
seen that the error due to this is small. 

17. In conclusion, the answer to the opening question is that 
for the common leather belt running under ordinary conditions 
the creep should not exceed one per cent. While this is sometimes 
called legitimate slip, it is an actual loss of power and can not be 
avoided by belt-tighteners or patent pulley coverings. 


DISCUSSION. 


Mr. Geo. H. Barrus.—Myr. Bird's interesting paper refers to 
experiments on belts connecting two pulleys eighteen inches in 
diameter, and as a result of these experiments he states that for 
4-inch and 6-inch single and double leather belts the amount of 
creep should not be over one per cent. 

It would be interesting to know whether the author has made 
observations on other sizes of pulleys than the ones mentioned, ani 
on belts connecting pulleys of different diameters. If he has not, 
would he state his opinion as to what effect a change of diametc: 
either of one pulley or both would have on the conclusion 
given. 

The formula in paragraph 4 refers to the ‘‘pitch velocity” 
of the two pulleys. Does he mean by this the velocity of the out- 
side circle of the rim of the pulleys, or does he refer to the velocit) 
of some point in the belt corresponding to a circle of larger diam 
eter than that of therim? Also in the case of a crowned pulley. 
would the ‘‘ pitch velocity ’’ be that of the edges of the rim 1 
that of the highest point of the crown ? 

It would be interesting, also, if the author of the paper woul’ 
state the precise method he would follow in calculating the theo 
retical speed of a driven pulley when the two pulleys are of unequi 
diameters and when both are crowning, that is, the speed of tli 
driven pulley assuming an entire absence of creep. 
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Prof. W. W. Bird.*—In reply to Mr. Barrus, I would say that 
our experiments on belt creep were all made on the eighteen-inch 
pulleys. Creep, in my opinion, is, however, independent of the 
diameters of the pulleys, other things being equal, and depends 
upon the difference in the tensions of the two sides and on the 
modulus of elasticity of the belt. The element of time probably 
makes some difference in the creep, the slower the belt is moving 
the more time a unit length has to stretch or contract as the tene 
sion changes. The distance between centers or the length of the 
belt and the diameters of the pulleys would be factors in this‘tim- 
element for adjustment, and so may have a slight effect upon the 
creep, on this account. 

The pitch velocity means the velocity of the middle point of 
the belt on a cross-section at the mean diameter of the pulley. 
Experiments have shown that this assumption is fairly correct 


for pulleys with an ordinary crown. ‘Toassume an entire absence’ 


of creep, as Mr. Barrus suggests, gives us a problem entirely aside 


from the purpose of this paper. If power is to be transmitted and 
the belt has elasticity, there is bound to be creep. 


* Author’s Closure, under the Rules. 
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No, 1084,* 
THE TRANSFER OF HEAT AT HIGH TEMPERATURES. 


BY FRANK ©. WAGNER, TERRE HAUTE, IND. 


(Member of the Society.) 


1. The experiments referred to in this paper were made sevy- 
eral years ago for commercial purposes, and for this reason the 
methods adopted were perhaps not those best suited to secure 
scientific results. It is believed, however, in view of the meager 
data at present available concerning the transfer of heat at high 
temperatures, that what follows will be of sufficient interest to 
justify the presentation of this paper. 

2. The primary object of the experiments was to determine 
the time required to raise plates of iron and steel to a welding 
temperature in an open hearth regenerative furnace. Some pre- 
liminary experiments were made by heating plates in a mufile of 
the size commonly used in chemical laboratories. 

3. Four different samples of metal were experimented upon. 
These samples were cut from stock plates used in the manufae- 
ture of butt-weld pipe. The dimensions of the samples were as 
follows: 


No. of Plate. Material. Length. Width. Thickness 
Iron. 6 inches. 1.25 inches. .104 inch. 


4. The temperature of the specimen plate was measured by a 
Le Chatelier thermocouple. A small hole about a thirty-second 
of an inch in diameter was drilled edgewise through the plate near 
the center of its length. The wire of the thermocouple was 
threaded through this hole and the junction of the two wires of 


* Presented at the Scranton meeting (Jane, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the Transac 
tions. 
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the couple was located at about the center of the plate. Strips 
of mica were wedged about the wires so as to insure that the 
wires did not make contact with the iron plate near the edges. 
A second thermocouple was located in the furnace adjacent to 
the plate for the purpose of measuring the furnace temperatures. 


1800 
1600 320 
1400 280 
1200 230 
= 
z 
4 5 
< 
. 1000 
x 
= I 
- 
800 160 
= 
a 
600 120 
400 80 
| 
| | 
0 i | 
20 40 60 80 100 120 140 160 
F.C. Wagner SECONDS. Am. Bank Note Oo.N.¥. 


Fie. 214.—PLATE 1 IN MurrFLe. Test 1. 


5. The experiment was made in the following manner. The fur- 
nace was brought up to the desired temperature and its temperature 
measured. The plate with the inserted thermocouple was then 
quickly placed in the furnace and the opening closed. The exact 
time of placing the plate in the furnace was noted by an observer, 
who thereafter called out each five-second interval to another ob- 
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server at the galvanometer. In this way the temperature of the 
plate was determined at five-seeond intervals until the plate reached 
substantially the temperature of the furnace. At the end of the 
experiment the temperature of the furnace itself was again read 
and the mean of the temperatures before and after was taken as 
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Fig. 215.—PLATE 1 IN MUFFLE. TEST 2. 


that during the test. The results obtained are shown in Figs. 214 
to 221. 

6. In all of these tests the transfer of heat was principally by 
radiation. When the muffle was used the damper in its vent pipe 
was closed as was also the opening in front. In the open hearth 
furnace the flames passed across the top of the furnace without 
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coming into contact with the floor of the furnace. The openings 
for inserting material were kept closed by sheet iron dampers 
during the tests. 

7. It is possible from these data to determine the rate of trans- 


fer of heat from the furnace to the bron. 


The specific heat of iron 
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varies with the temperature. 
103, page 1123, gives it as follows: 
From 0° to 660° Cent., Specific Heat 


Pionchon in Comptes Rendus, Vol. 


= 0.11012 + 0.000050666¢ + 0.000000163998#. 
From 660° to 720° Cent., Specific Heat 
= 0.57803 — 0.00287196¢ + 0.000003585#. 
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From 720° to 1000° Cent., Specific Heat = 0.218. 

From 1050° to 1200° Cent., Specifie Heat = 0.19887. 

In the formulas, ¢ is the temperature in degrees Centigrade for 
which the formula gives the specific heat. By using these values 
a curve was constructed showing the heat units above 32 degrees 
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Fig. 217.—PLatTE 2 IN MUFFLE. TEsT 2. 


Fahr. in a pound of iron at any temperature. 
curves in Figs. 214 to 221 labelled British 


By this means the 
Thermal Units per 


Pound were constructed. From these latter curves the slope of the 


tangent at any temperature gives the heat 
pound per second. 
8. In the calculations it has been assumed 


units absorbed per 


that a plate laid on 
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the bottom of the muffle or furnace receives heat through both 
the top and the bottom surfaces from a source at the temperature 
of the furnace. This is strictly true only at the beginning of the 
heating period. The bottom of the mufile was covered with bone 
ash and it is quite probable, owing to its low heat conductivity, 
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Fie. 218.—PLATE 38 IN Murr_e. TEstT 1. 


that less heat was received by the plate through its lower sur- 
face than through its upper. In the ease of the open hearth 
furnace the plate was placed upon a fire brick, whose capacity for 
storing heat was considerable, and whose heat conductivity was 
also sufficient to maintain a high temperature at the surface ex- 
posed to the iron plate. It seems probable that in this case the 
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heats received through the top and bottom surfaces respectively 
were nearly equal to each other. 

9. It has also been assumed that the plate was at substantially 
the same temperature in the interior of the metal where the 
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Fig. 219.—PLATE 3 IN MUFFLE. Test 2. 
thermocouple was located as at the surface. That this is prac- 
tically true is evident from the following. 
10. The heat-conductivity of iron is 0.16 small calories per sec- 


ond per square centimeter for one centimeter of thickness and 
one degree centigrade difference of temperature, as found by 
Forbes. This corresponds to 0.0009 British thermal units per 
square inch for one inch thickness and one degree Fahrenheit dif- 
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ference of temperature. The thickest plate experimented with 
was 0.129 inch thick, so that the heat was conducted 0.065 inch in 
passing from the surface to the thermocouple. A difference of 
temperature of one degree Fahrenheit would consequently trans- 
mit 0.0138 heat units per square inch per second from the surface 
to the center. 

11. The maximum rate at which heat was absorbed in the 
muffle experiments was 0.077 heat units per square inch per see- 
ond. This would require that the surface of the plate be 5.6 
degrees Fahr. hotter than the center. Since the temperature of 
the plate was at the same time rising at the rate of 35 degrees 
per second, the lag in temperature of the thermocouple behind 
the absorbing surface was less than one-sixth of a second. 

12. In the open hearth furnace experiments the maximum rate 
of heat absorption was 0.26 heat unit per square inch per second, 
which requires a difference in temperature of 19 degrees Fahr. 
At the same time the temperature was rising at the rate of 90 
degrees per second, showing a probable lag of about one-fifth of a 
second. 

13. Moreover, since in all the calculations only the rate of tem- 
perature rise has been used, it is the difference of the lags at the 
beginning and end of a five-second interval that introduces an 
error, and this difference is certainly less than the errors of ob- 
servation. 

14. The heat absorbed per square inch of surface per second 
has been ealeulated from the curves of British thermal units per 
pound by multiplying the B. t. u. per pound per second by the 
weight of a square inch of the plate experimented upon and divid- 
ing by two, upon the assumption that both surfaces are active in 
absorbing heat. The results obtained are given in Tables 1. to V. 

15. A comparison of these results with Stefan’s law of the 
radiation of heat shows a very satisfactory agreement. Accord- 
ing to Stefan the heat absorbed or radiated is proportional to the 
difference of the fourth powers of the absolute temperatures. 
Expressed algebraically, Q = o (r7,‘— 7,'), where 1, is the absolute 
temperature of the furnace and 7, is the absolute temperature of 
the plate being heated. 

16. Tables I. to V. give the values of the constant 6 when Q is 
expressed in British thermal units per square inch per second and 
T,, T, are in degrees absolute on the Fahrenheit scale. 
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TEMPERATURE OF 
PLATE. 


Degrees | Degrees 

Fahr. | Absolute. 
239 700 
839 S00 
439 900 
539 1,000 
639 | 1,100 
729 | 1,200 
839 1,300 
939 | 1,400 
1,089 | 1,500 
1,139 | 1,600 
1,239 | 1,700 
1,339 1,800 
1,489 | 1,900 


TEMPERATURE OF 


PLATE. 
Degrees Degrees 
Fahr. Absolute. 
239 700 
339 800 
439 900 


539 1,000 
639 1,100 
739 1,200 
830 1,300 


939 | 1,400 
1,039 | 1,500 
1,139 1,600 
1,239 1,700 
1,339 | 1,800 
1,439 1,900 
1,539 | 2,000 
1,639 | 2,100 


THE TRANSFER OF 


HEAT 


AT 


TABLE I. 


PLATE 1 IN MUFFLE. 


TEMPERATURE OF 
FURNACE. 


Degrees 

Absolute. | Absolute. 
Test 1. Test 2. 
2,073 2,146 


Degrees 


TEMPERATURES, 


Brirish THermMaL Units 
ABSORBED PER Sq. Incu 


PER SECOND. 


Test 1. 


0434 
0434 
-0419 
. 0890 


TABLE II. 


PLATE 2 IN MUFFLE. 


TEMPERATURE OF 


FURNACE. 
Degrees Degrees 
Absolute. | Absolute. 
Test 1. Test 2. 
2,136 2,246 
‘ 

‘ 

‘ 

‘ 
‘ 
ae 
se 
‘ ae 
ae 
ae 


British THERMAL UNITS 
ABSORBED PER Sq. INCH 
PER SECOND 


Test 1. 


0390 
0390 
0874 


VALUES OF 


ao x 1015, 

Test 2. Test 1 Test 2 
.0491 2.69 2.34 
2.40 2.08 
0419 2.43 2 04 
2.48 2.00 
0405 2.46 2.05 
.0390 2.38 2.04 
2.31 2.05 
2.37 2.00 
2.59 1.97 
0318 2.45 2.17 
0289 2.25 
0207 2.18 1.94 

0144 2.13 
2.41 2.06 

VALUES OF 

x 10!5, 

Test 2. Test 1. Test 2. 
.0651 2.93 
. 0602 2.%3 
2.18 2.54 
. 0520 2.14 2.42 
2.10 2.21 
0446 2.08 2.19 
.0423 2.18 | 2.16 
.0400 2.21 2.15 
. 0390 2.17 2.24 
.0858 2.28 | 2.25 
. 0842 2.09 2.42 
.0293 1.90 | 2.45 
.0163 1.67 | 1.73 
0120 | 1.36 | 1.86 
.0059 1.95 
2.03 2.28 


| 


| 
| 
| — 
“ “ 0861 
“ “0347 
0292 
“ 0116 
04389 
0423 
| .0342 | 
.0325 
.0260 
10195 
.0130 | 
0065 | 
| | eee eee 
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TABLE III. 


PLATE 3 IN MUFFLE. 


Units! 
TEMPERATURE OF TEMPERATURE OF ABSORBED PER SQ. INcu VALUES OF 
PLATE. FURNACE. PER SECOND. x 1015, 
Degrees | Degrees | Degrees Degrees on Test 2 Te 
Fabr. | Absolute. — — Test 1, est 2. est 1. | Test 2. 
139 600 2,178 2,241 1.79 
239 700 .0370 .0463 1.66 1.85 
339 800 .0463 1.68 1.86 
439 900 .0370 .0432 1.70 1.7 
539 1,000 0870 0482 1.72 
639 | «1,100 | 0370 1.76 1.69 
739 | 1,200 .0401 1.8) 
839 1,800 | 0370 0386 1.88 1.72 
939 1,400 | .0370 .0370 1.98 1.73 
1.039 1,500 | .0370 2.08 1.83 
1,139 1,600 | 0329 1.93 1.82 
1.339 1800 “ 0200 0247 167 | 1.67 
1.439 1,900 .0123 .0154 1.30 1.26 
1,589 2,000 .0093 .0117 1.42 | 1.27 
1,639 2,100 = ” .0062 .0077 2.02 | 1.33 


TABLE IV. 


PLATE 4 IN MUFFLE. 


TEMPERATURE OF PLATE 

Units ABSORBED PER 
Sq. INCH PER SECOND.| 


VALUES OF 
x 10!5, 


Degrees Fahr. Degrees Absolute. Degrees Absolute 
239 700 2,171 077 3.58 
339 800 0716 3.29 
439 900 “ 0645 3.00 
539 | 1,000 oe .0573 2.71 
639 1100 | “ 2.07 
739 1,200 1.87 
839 1,300 1.89 
939 1,400 oe .0348 1.89 
1,039 1,500 0334 1.94 
1,139 1,600 .0323 2.06 
1,239 1,700 2.20 
1,339 1,800 | -0197 1.68 
1,439 ‘ 
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TABLE V. 


PLATE 4 IN OPEN HEARTH FURNACE. 


British THERMAL 


PERATURE OF TEMPEKATURE OF JALUES O 
ABsonpep ren Sq. Incu | VALUBS oF 
grees Jegrees Degrees Degrees | 
— | a Absolute. | ey | Test 1. Test 2. Test 1. | Test 2. 
139 | 600 | 2,836 | | .2105 | .2636 3.26 | 3.89 
339 s00 | 2105 3.28 3.91 
539 1,000 | | 26360 3.94 
739 1,200 | | £2105 2636 3.37 4.00 
939 1,400 | .2105 | 3.47 4.11 
1,139 1600 | “ | |  .2105 | .2636 | 3.62 | 4.29 
1,239 1,700 | | | .2686 | 3.74 | 4.438 
1339 | 1800 | « | « | (29008 | ‘96386 | 3.71 | 4.35 
1,439 1900 1865 | 3.61 | 4.18 
1,539 2,000 | | .1721 | .2080 3.53 4.01 
1,639 2100}; | | 14578 | 11721 3.49 | 8.55 
1,739 2,200 | | (1368 .1434 3.30 | 8.22 
1,839 2,300 « | 1147 | 9.13 | 3.25 
1,939 2400) | | .1112 | 3.07 8.20 
2,039 2500 | “ | “ .0896 | .1004 | 3.50 | 3.48 
2.139 | 2.600 “ | ‘ | 8.2: 
2,239 2,700 | 0430 2.92 
| 2800 | fo 0210 3.34 


17. The best experimental value for the coefficient of emis- 
sivity at high temperatures that I have been able to find is 
that obtained by Kurlbaum and quoted in Preston’s Theory of 
Heat. The value of o there given is 5.32 & 10-1? watts per square 
centimeter per unit value of the function 7,‘ — r7,‘, the values of 
7, and r, being in Centigrade degrees absolute. Reduced to the 
units used in this paper o becomes 3.081 & 10-'* British therma! 
units per square inch per unit function 7,4 — 7,‘ expressed in Fah- 
renheit units absolute. This value lies between the extreme val- 
ues calculated in this paper. 

18. The values of o found above do not show systematic varia- 
tions within a single test, and the agreement among the different 
tests is fairly satisfactory. 

19. The average value of 6 & 10'® was for plate 1, 2.23; for 
plate 2, 2.15; for plate 3, 1.72; for plate 4 in muffle, 2.27. Plates 
1, 2 and 4 were of wrought iron, while plate 3 was of steel. 
The average then for all the tests made upon wrought iron plates 
in the muffle was 2.22. It appears that the coefficient of emissivity 
for steel is less than for wrought iron by about twenty per cent. 
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20. As between tests 1 and 2 upon plate 4 in the open hearth 
furnace, it is necessary to explain that toward the close of test 1 the 
Hux ran down upon the wires of the thermocouple, making contact 
between the wires and the iron plate at the edges of the plate. 
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Fia. 220.—PLATE 4 IN MuFFLE. TEST 1. 


When the second test was made, therefore, the thermocouple 
measured the temperature at the edges of the plate. Evidently 
the temperature at the edge rises faster than at the middle of the 
plate, beeause more surface is exposed to the radiant heat. This 
is very clearly shown in Fig. 221, where both tests have been plotted 
on the same diagram. The place where the curves intersect shows 
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Fie. 221.—PLaTEe 4 tn OpEN HEARTH FURNACE. TESTS 1 AND 2. 
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approximately when the flux made contact with the wires of the 
thermocouple. 

21. One striking result of these tests is brought out by compar- 
ing the times required to bring the plate up to the temperature of 
the furnace. In the muffle tests about three minutes were re- 
quired, while in the open hearth tests one minute sufficed to heat 
the plate substantially to the furnace temperature. 

22. If the law of Stefan holds for the radiation and absorption 
of heat under practical working conditions, as seems to be the 
fact, then some very significant relationships exist in the transfer 
of heat to the heating surface of a steam boiler. Compare two 
cases where the furnace temperatures are 2,000 degrees and 
2,500 degrees Fahr. respectively, and a portion of the heating 
surface is exposed to direct radiation from the fire. The heats 
transferred by radiation will be as 37 to 77 in the two cases. In 
other words, adding 500 degrees to the temperature of the fire 
more than doubles the radiant heat transmitted to the water in 
the boiler. 
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No. 1085.* 
PERFORMANCE OF A SUPERHEATER. 


BY A. BEMENT, CHICAGO, ILL. 


(Member of the Society.) 


1. The apparatus consisted of a Babeock & Wilcox boiler of 
approximately 5,000 square feet of heating surface, of a height of 
fourteen tubes, and a Babcock & Wileox superheater of approxi- 
mately 1,000 square feet of heating surface, served by a chain 
grate stoker with a grate area of 75 square feet, which discharged 
the gases of the fire from under an ordinary short ignition arch 
directly among the tubes of the boiler. 

2. The diagrams shown are plotted from a large number of 
experiments. The-great variation in capacity produced was due 
entirely to the size of the coal used by the stoker, and the amount 
of ash it contained. In calculating the work developed in the 
superheater, the specific heat of superheated steam was taken as 
0.75, although a higher figure is probably nearer correct, as the 
steam pressure was 180 pounds. 

3. Fig. 222 shows relation of degree of superheat to total hors« 
power developed. It is apparent that the capacity increases at a 
much greater ratio than does the temperature of the steam, or, 
in other words, that the temperature tends in a measure to remain 
constant. For example, for ordimary ranges of capacity required 
in service, which may be taken as from 500 to 800 horse-power, 
the temperature of superheat ranges from 145 to 182 degrees. 
indicating that this combination of boiler and superheater prol) 
ably produces as uniform a degree of superheat as would be ol 
tained from a direct fired superheater in usual service. Through 
out the whole range of the experiments, the total horse-powe) 
varied by approximately 850 per cent., while the degree of super 
heat varied by approximately 100 per cent. The condition of 


* Presented at the Scranton meeting (June, 1905) of the American Societ 
of Mechanical Engineers, and forming part of Volume XXVI. of the Zrans 
actions. 
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combustion had much to do with the formation of this curve, be- 
cause the large capacities were produced by the best coal, or, in 
other words, the coals of best size and greatest freedom from 
ash. It was, in fact, such fuels that made the large capacities 
possible, the largest horse-power being produced by coals specially 
selected, by sereening out of a large quantity the most favorable 
sizes. For this reason, the condition of combustion was better as 
the horse-power increased, which produced a higher initial tem 
perature, causing more heat to flow into the boiler and less to the 
superheater. Therefore, the tendency was for work done in the 


PERCENTAGE OF BOILER HORSE POWER 
PRODUCED IN SUPERHEATER. 
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0 ww 800 
A. Bement HORSE POWER PRODUCED IN BOILER. 


Fie. 225. 
boiler to increase in much greater ratio than that in the super- 
heater. This is well illustrated by the two tests between 100 and 
200 horse-power, which gave about 85 degrees of superheat, while 
that at 860 horse-power only gave a superheat of about 190 de 
grees. There is another possible reason why the temperatur: 
elevation is not greater at high capacity; it is the possibility of 
water being carried from the boiler by the steam into the super 
heater. If this does oceur, it is a case where it is desirable for a 
boiler to produce wet steam. 

4. Fig. 225 shows relation between horse-power produced in 
boiler and superheater. Fig. 224 gives relation of degrees of supe 
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heat to horse-power produced in the superheater. Fig. 225 shows 
percentage of horse power produced in the superlhi ater of that de- 
veloped in the boiler. 

5. With this apparatus all of the steam flows through the super- 
heater under normal conditions, but as the safety valves are 
located on the boiler drums, surplus steam escapes without being 
heated, which tends to cause higher degree of superheat, because 
the rate of flow through the heater is reduced. With sudden drop 
in load, superheat with the apparatus in question, has been ob- 
served to rise to 350 degrees. It has been considered that under 
such conditions there is danger of damage to the superheater tubes 
from overheating. The author is not aware that such damage has 
been caused, but to prevent its occurrence, it has been considered 
desirable by some manufacturers to also locate a safety valve on 


<<... 
| )B 
| 
| ( cS 
\ 


Fie, 226.—BorLErR Drum. 


the superheater which will discharge at a somewhat lower press- 
ure than those on the boiler drums. 

6. One feature of this apparatus which has caused trouble, is 
the position of the safety valves, they being located just above 
the water battle at the front of the boiler drums. Fig. 226 shows 
the front end of the drum. A is the outlet to the safety valve, 
B the so-called dry pipe leading to this outlet, C the water bafile. 
As will be observed, the steam and water from the front headers 
of the boiler, eseape from under the baffle just below this safety 
valve dry pipe, there not being more than 18 inches between the 
normal water line and this pipe; the result is, that water is very 
easily carried out by the steam escaping from the safety valve. 
Occasionally the water line has been reduced from the middle of 
the gauge glass to the bottom, a drop of 6 in. occurring in a few 


seconds, Under such conditions the temperature of superheat rose 
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Fig. 227.—Cross SecTION AT SAFETY VALVE. 
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to 350 degrees. The water is indicated in Fig. 226 as rising to the 
safety valve pipe showing the manner of its escape. 

7. Duplicate pipes D gather the steam and conduct it down 
through the bottom of the drums to the superheater which is 
located below. Fig. 228 is a cross section indicating these dupli- 
cate pipes, and Fig. 227 is a cross section at the safety valve. These 
so-called dry pipes are perforated on their upper surface with a 
very large number of holes of a diameter of about 0.25 of an inch. 


DISCUSSION. 


Mr. Geo. Il. Barrus.—Mr. Bement has made certain calcula- 
tions of the work done by this superheater on the assumption that 
the specific heat of the steam is 0.75, and he ventures the opinion 
that even this figure is too low. There is a deal of talk nowadays 
about the specific heat increasing with the pressure, and the be- 
lief seems to be quite common that the figure 0.48 ordinarily 
used for high pressures is incorrect. I have seen no conclusive 
experiments, but | am sure that if the specific heat does increase 
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with the pressure, the increase is much less than this paper would 
lead us to suppose. 

| have no experiments of my own which give positive data on 
the subject, but I have some which may be said to give negative 
data, and these prove to my mind that the specific heat is nothing 
like 0.75. The experiments which I made are of a private nature, 
and [ can present only the conclusions which bear on the subject. 
The work was done on an independently fired superheater, and 
consisted in measuring the weight of coal burned, the amount of 
steam superheated, and all the data required for determining the 
efliciency. If the specific heat of the steam were as high as 0.75, 
the efficiency of this superheater would have been no Jess than 
ninety-two per cent. of the calorific value of the fuel, and I am 
sure that no one would have the temerity to claim any such result. 
There is no reason why an independent superheater should have 
an efficiency greater than can be obtained from a hand fired boiler, 
and this will seldom show much over seventy-five per cent. The 
chances are that a superheater such as I tested would be much less 
eflicient than the boiler, for the reason that it has a large mass of 
brick work exposed to radiation, and the surface of this brick 
work is far greater, and its temperature far higher, than that 
of a steam boiler setting of equal grate area. 

If the author has any reliable data in support of his position 
in this matter, let us have them. 

Mr. EH, Foster.—In_ paragraph 5 the author speaks of a 
sudden rise of superheat with a drop in load. 

This effect I attribute to the sensitiveness of the superheater, 
owing to the use of ** bare’? tubes. In our form of superheater 
we provide a heavy coating of cast iron, with deeply corrugated 
surface, which mass of metal acts as a dampener to sudden 
changes in conditions and tends to maintain a uniform superheat. 

Mr. Bement.*—It is very fortunate, I think, that Mr. Barrus 
makes the criticism he does; not that I agree with him, but be- 
cause it illustrates how divergent are the opinions held regarding 
the specific heat of superheated steam, in view of the fact that 
his opinion differs so widely, for example, from that held by Pro- 
fessor Reeve and Mr. Orrok. The reason I adopted the figure 
0.75 for specific heat was because these boilers supplied turbines, 
and the General Electric Company had used this figure. For this 


* Author’s Closure, under the Rules. 
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reason the client expressed a wish that it be employed. Mr. 
sarrus mentions an experiment wherein the result appeared to 
show that the specific heat is much lower than 0.75. The details 
of this would be of the very greatest importance; unfortunately, 
they are not furnished. 

This matter is an embarrassing one. There are a number of 
colleges in the country which could have made valuable experi- 
ments, but it seems rather to be the disposition to accumulate 
apparatus than to useit. For many years chemists and physicists 
have claimed that specific heats increased with both pressure and 
temperature, but engineers have been content to overlook and 
ignore such views, until the matter has reached its present state. 

The cast iron outer coating of the tubes used by Mr. Foster, of 
course, does store heat, with the result that under such conditions 
as mentioned, the excessive degree of superheat would not be so 
quickly attained, but if a calculation is made showing the heat 
storing capacity of this outer cast iron surface, it will be apparent 
that the safety valves will not have to blow very long before steam 
temperature would rise as high with this, as with the superheater 
described in the paper. 


2 


NOTES ON EFFICIENCY OF STEAM GENERATING APPARATUS. 619 


No. 1086.* 


NOTES ON EFFICIENCY OF STEAM GENERATING 
APPARATUS. 


BY A. BEMENT, CHICAGO, ILL. 


(Member of the Society.) 


1. This contribution was suggested by the discussion of a paper 
entitled ‘“‘ More Exact Methods for Determining the Efficiency of 
Steam Generating Apparatus,” which was presented by the author 
at the previous annual meeting. 

2. Efficiency in steam generation is a very complicated prob- 
lem. It is a function of some constants and many variables, 
therefore it is necessary to consider and take into account the 
individual features and their influences. Especially is this neces- 
sary for proper selection or for the development of superior ap- 
paratus, and proper consideration of these matters requires a 
ore exact definition of some terms used, than prevail at present. 
For example, the word boiler is employed indiscriminately to 
designate either the boiler proper or the combination of it with 
other apparatus. Likewise the efficiency of a boiler, and the efti- 
ciency which may be produced through it, are commonly consid- 
ered as being the same. 


The Boiler. 


3. There is considerable lack of agreement as to what is im- 
plied by the term “ boiler.” The author does not recognize the 
brick walls which enclose it, the cast iron fire bars, the stoker 
machine or the furnace as being in any way a part of the boiler. 
Manufacturers take orders for, and contract to deliver under pen- 
alty, what they designate as a “ boiler,” and they deliver and 
receive payment for a metal structure, tight enough not to leak, 


* Presented at the Scranton meeting (June, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the Z’ransactions. 
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and strong enough to withstand pressure, but no fire bars, stoker, 
furnace or brick walls are included in the delivery. These feat- 
ures are often supplied by others who are not in the boiler busi- 
ness. Thus a boiler must have an individuality. 


Efficiency of a Boiler. 


4. It is a fact that boilers are of various sizes and shapes, and 
arranged so that the gases flow in more or less contact with them, 
by paths of more or less length. Now, as the purpose of the 
boiler in this connection is to abstract heat from these gases, it 
must be true that the various shapes and gas passages which are 
fixed features of the mechanical construction, have an influence 
on the amount of heat flowing to it. Therefore, this metallic 
structure, because of features of shape and arrangements of its 
parts, does necessarily produce an effect, and whatever such effect 
is, it is fixed and permanent, because it is due to the mechanical 
arrangement which cannot change, and this is what the author 
designates as efficiency of a boiler. Other influences may act in 
conjunction with it, and thereby produce a different result, but 
this does not change this feature of efticieney of the boiler; it is 
permanent, and can no more change than the mechanical form 
and construction. For example, if a good boiler becomes sealed 
and dirty, this latter influence will produce a new and inferior 
result, but let another inferior boiler become sealed and dirty, 
such influence will be the same for each. Likewise a poor fire 
under a good boiler will produce a poor efficiency, caused, not by 
the boiler, but by the fire itself; and the same poor fire under an 
inferior boiler will result in a lower efficiency than with the bet- 
ter boiler. Therefore, this superiority due to the peculiarities of 
mechanical design and construction cannot vary with any sort ot 
regularity and according to any ascertainable law with every varia 
tion in kind of coal and character of fire, because this character- 
istic is as permanent as the rivets in the boiler itself. 


5. It is useful and necessary to recognize a distinction between 
efficiency of a boiler and boiler efficiency, the former a constant 
for any particular boiler, and the latter produced by other influ- 
ences which may be variable in character and effect, which, acting 
in conjunction with the efficiency of the boiler produces various 
results, and effecting the efficiency produced through the boiler. 


NOTES ON EFFICIENCY OF STEAM GENERATING APPARATUS. 621 


Furnace Efficiency. 


6. This has been defined as the ratio of the total heat delivered 
from the furnace to the total heat value of the coal consumed. 
This definition, however, does not take into account the tempera- 
ture accompanying heat development, which is the most important 
factor involved, because full heat development is possible at a 
temperature so low as to make it impossible for any of it to flow 
into the boiler. Heat development can be of no use to the boiler 
unless it is at sufficiently high temperature for such heat to flow 
into it. Therefore, a definition of furnace efficiency is incomplete, 
if it neglects the matter of temperature. It is not only useful but 
necessary to recognize the distinction between heat and tempera- 
ture. As in electricity, a small amount of current flows if the 
voltage is low, but if voltage is high, a large amount will flow in 
a very small wire; thus the temperature is the motive power which 
causes transfer of heat from the gases to the water in the boiler, 
which transfer is in direct proportion to the elevation of tempera- 
ture. 


The Furnace. 


7. For a proper understanding of the principles inyolved, the 
author considers the fire grate or stoker machine as being no por- 
tion of the furnace, which is an intermediary element located 
between and connecting the grate or stoker and boiler; a chamber 
in which the gases from the fire are mixed together, wherein the 
process of combustion which begins at the fire is finished, and 
where a sufficient mixture between air and combustible may be 
secured, provided these ingredients are supplied to it in proper 
proportion. This may be illustrated by assuming a fire brick 
chamber in which gases of more or less completed combustion 
enter, together with air, then if thorough mixture be obtained 
with sufficient air present, combustion will be complete, and if 
just the required amount of air be present to fully satisfy the 
combustible gas, an ideal result will be attained, because full heat 
development will oceur together with a minimum quantity of 
gases, resulting in maximum temperature, provided, of course, 
that the mixing capacity of the furnace is sufficient. 

8. The proper and most convenient measure of furnace effi- 
ciency would be the composition of the gases leaving it, as de- 
termined by analysis. According to the above definition, a fur- 
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nace would not be a portion of some steam generating apparatus ; 
for example, when a grate is located immediately under the boiler. 
In other eases, such as with many stokers, the furnace feature is 
only partially developed. With such fuel as anthracite coal or 
coke, a furnace would have a minimum value, and its maximum 
value would be realized with bituminous coal. 


The Grate or Stoker. 


9. This portion of the apparatus should supply the required 
amounts of fuel and air, and in such relative proportions as to 
cause a proper balancing of the quantities of air and combustible, 
or should be so designed and proportioned as to insure such result 
by proper manipulation, and sufficient mixture between fuel and 
air should oceur at the grate so as not to overtax the mixing 
capacity of the furnace. In addition, this portion of the appa- 
ratus should remove the ash in a manner and at a rate so as not 
to interfere with fuel and air supply, and at the same time not 
waste fuel in the ashes. Thus it appears that the function of the 
grate or stoker is complicated. The plain hand-fired grate fulfills 
requirements to a minimum, while on the other hand a properly 
proportioned chain grate stoker fulfills requirements to a maxi- 
mum extent. 

10. It is not only desirable that the grate or stoker utilize the 
entire amount of fuel, but that it furnish a product suited to the 
requirements of the furnace, so that it in turn may be able to 
serve the boiler with a product best adapted to its especial needs. 

11. Therefore it is important and necessary that the individu- 
ality of the functions and processes be recognized, because a high 
efficiency cannot be had from a good boiler if served with a poor 
fire, or from a good fire if the heat absorption is attempted with 
a poor boiler. 


Manipulation. 


12. High heat efficiency in steam generation requires, first, a 
good apparatus, and second, that it be properly manipulated. The 
faults of the fireman and furnace operator are well understood 
and recognized, and he is much to be blamed for poor results. 
But it is quite the popular thing, however, for the entire blame 
to be placed on the man who manipulates the fire, when in fact 
the apparatus is often very faulty, and in some cases very poor 
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results are very nearly all due to the apparatus, yet the man is 
blamed for the bad engineering of the maker and designer. And 
often an operating engineer or proprietor seeks in the fireman a 
degree of intelligence and knowledge of these complicated proc- 
esses, much greater than he himself possesses. 

13. For better guidance of the furnace operator, the automatic 
indication of oxygen has been considered desirable. But there 
is no reason for such device from the standpoint of present knowl- 
edge. Should it, however, be available and in use, and the indica- 
tions were as in the two examples from the same furnace— 


No. 1. No. 2. 


what would the fireman consider necessary; to increase it in No. 1 
or reduce it in No. 24 If an Orsat apparatus was used to learn 
what these indications of oxygen meant, the result would be 


No. 1 No. 2. 


Being guided by the indications of oxygen only, it might appear 
to the fireman that it should be reduced in No. 2, but combustion 
is not complete as it is; the indications are that it could be reduced 
in No. 1, which would not be apparent from a knowledge of the 
percentage of oxygen only. These two analyses were from a 
Hawley furnace and taken about two hotrs apart, No. 1 with a 
clean fire on the bottom grate, No. 2 with an accumulation of 
ash and clinker on this grate, and the large amount of oxygen 
was caused by the amount of coal being burned becoming less, 
owing to the obstruction which caused the air entering other than 
through the fuel being proportionately greater. Now, a knowl- 
edge of the CO, would have shown that there was something the 
matter with condition No. 2, fully as well and probably better 
than that of oxygen. 

14. There are now automatic apparatus for the boiler room 
which continually indicate condition of combustion according to 
percentage of CO,.. The Econometer and Dasymeter are purely 
mechanical devices; the Gas Composimeter and the Ados appar- 
atus are chemical instruments; the latter two make permanent 
records; the Dasymeter is made with and without recorder, and 
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the author has devised and in one case applied a recording attach- 
ment to the Econometer, which makes a record on a 24-hour eir- 
cular chart similar to, and as convenient as those from the Bristol 
recording instruments. 

15. No more instruments to indicate condition of combustion 
are required at present, but what is needed very badly, are some 
more engineers and proprietors who will appreciate and learn to 
use the instruments which are already available and to impress 
their value on the firemen by their own example. 

16. When it is considered that within about five years nearly 
every engineering college in this country has added to its equip- 
ment either an Econometer or similar instrument, and that during 
this time their use has been largely discontinued, not through any 
fault of the instrument, but owing to neglect of the important 
economic feature which they represent, is an indication that the 
fireman is not responsible for all of the trouble. 


An Efficient Boiler. 


17. In the paper by the author which is referred to above, re- 
sults of tests were given of two boilers differing much in efficiency. 
As no drawings accompanied that paper, it was not clear to what 
type the tests referred. For this reason, illustrations showing 
them are offered. These boilers are designated as A and B. Fig. 
230 is an elevation in section showing both in one view. What is 
designated as B was made by changing the original gas travel by 
the insertion of two baffles, the location of which is indicated by 
the broken lines parallel with the tubes. The paths of the gases 
are shown by arrows among the tube surface, the heavy full one 
is for A and the broken arrows for boiler B; therefore to illustrate 
boiler A, it is only necessary to consider the two inserted baffles 
and the broken arrows as missing. This improved boiler was not 
originally made as shown but was produced by changing one of 
the A type. In this, the first experimental unit, the inserted baf- 
fles were of sheet steel, but with others which were changed, 
because of the value of this improvement, the lower inserted 
baffle was made with fire brick tiles, and the upper of corrugated 
steel plates. To insert a baffle required the removal of one row 
of tubes which were afterwards replaced. It was found by tem- 
perature measurements made in the interior of the boiler among 
the tubes, that the openings at the ends of the baffles were greater 
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than necessary, therefore in the change of those that followed, 
these openings were proportionately decreased, so that at the final 
outlet at the top of the tubes, this baffle was extended within two 
feet of the front water leg. 

18. Briefly the results of two kinds of experiments are given 
in tables Nos. 1 and 2; these tests are given in greater detail in 
the original paper. 


TABLE I. 
Horsk-POWER AND FINAL TEMPERATURE. 
BorLers. 
4 
Final gas temperature. 657 469 
TABLE II. 
HorsE-POWER AND EVAPORATION. 
Bor.ers. 
A. 
Complete combustion, COg.........cccsccccsccccsccsccoccces 7.0 6.7 
Pounds of the same fuel burned per hour...................- 1,766 1,446 
Pounds of steam from and at 212 degrees per |b. of fuel burned. . 7.47 9.42 


19. In Table No. 1 the difference in efficiency appearing in the 
final gas temperature, and in Table No. 2 the measure of efficiency 
is in steam made; while boiler B was supplied with a smaller quan- 
tity of heat, it absorbed more than the other. 


Path of Gas in Boiler A. 


20. Obtaining an exact value for the temperature of the eseap- 
ing gases is a very difficult matter, well illustrated by Figs. 231, 
252 and 233. Referring to Fig. 231, the active path of the gases 
is indieated according to temperature measurements taken through 
hollow stay bolts in the front and back water legs of boiler A. 
The illustration shows the tubes as being absent. Fig. 232 gives 
measurements made across the path of the gases at the exit; the 
points indicate temperatures at locations shown by corresponding 
letters in Fig. 231. The eurve of Fig. 233 gives temperatures on 
the vertical line Y of Fig. 231. The location of measurement of 
the final temperature for each of these boilers is indicated by the 
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Fig, 230.—ELEVATION IN SECTION, SHOWING BorLeRs A AND B. 
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measuring instrument shown at 7’ in Fig. 230. This point may or 
may not have given an exact value, but it is similar for each, and 
was selected as the best location after much experience with these 
boilers. The path of the gases shown in Fig. 231 has been referred 
to as short circuiting, yet they always flow through this boiler in 
a direct line from the back to the front upper corner and do not 
pass into the other two corners at any rate of driving when suction 
draft is used, whatever the rate of driving may be. This may be 
called short circuiting, yet it is the natural path of the gases. 
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Fic, 234.—Loss Due To INCREASING CAPACITY, MEASURED ABOVE STEAM 
TEMPERATURE. 


Effect of Boiler on Final Efficiency. 


21. It has been intimated that there can be no advantage in a 
boiler of superior efficiency over an inferior one, because of the 
varying effect of quality of fire, rate of driving, ete. And it will 
be useful to illustrate some of the more important of these effects 
as applied to boilers A and B, because it appears to have been 
intimated that these variable influences may efface the superiority 
of a boiler. 
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22. The efficiency produced through a boiler decreases with in- 
crease of capacity, on account of increasing resistance to flow of 
heat through the metal. Therefore, the losses in the hot gases 
above steam temperature for table No. 1, are indicated by the two 
points in Fig. 254 at their respective rate of evaporation. | Now 
T T 
| 
| || 
T 
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Fig. 235.—Loss From BorLer A OVER B DUE TO DECREASING INITIAL 
TEMPERATURE, MEASURED ABOVE TEMPERATURE OF AIR. 


if a sufficiently small fire be maintained under these boilers, there 
would be no loss above steam temperature, or, in other words, 
this would be a condition of zero loss above steam temperature. 
It does not matter that radiation from the boiler would carry 
away a large amount of heat, because this fact has nothing to do 
with the problem here presented, therefore the effect on these 
two boilers, caused by increasing capacity may be illustrated by 
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the two curves; these curves are not properly straight lines, how- 
ever, but should drop off somewhat; the illustration, however, is 
sufficient. So it follows that the effect of increasing capacity is 
to produce a diverging result in favor of boiler B. 

23. As condition of combustion has an influence on the amount 
of heat which will flow to any boiler, it affects the efficieney pro- 
duced through it. Taking the final temperatures above the air 
supply of 75 degrees from Table No. 1, the curve in Fig. 235 illus- 
trates the increasing loss caused by boiler A over that of B, with 
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Fic. 236.—RELATION OF FINAL TO INITIAL TEMPERATURE. 


varying excess of air, assuming that the final temperatures of 
Table No. 1 are constant for all conditions of combustion, and 
those capacities given. 

24. The reason why constant final temperature is assumed is 
illustrated in Fig. 236. The curve designated boiler A is plotted 
from simultaneous measurements in the furnace over the fire and 
at the exit from the boiler. After the first reading was taken, 
the motion of the chain grate stoker was arrested; this allowed 
the fire to gradually burn away, which proceeded from the back 
of the grate toward the front, so when the last set of measure- 
ments at 425 initial and 350 final were taken, there was but a 
small quantity of fire present.at the front of the furnace. This 
curve was produced by decreasing quantity of heat generated and 
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by decreasing initial temperature, the former due to the fire be- 
coming smaller, and the latter to enlarged excess of air, with the 
result that while the initial varied by 518 per cent., the final 
temperature varied by only 36 per cent. It is, of course, unneces- 
sary to state that these measurements were not made during the 
progress of any other experiments. The curve designated boiler 
B is so located as to represent corresponding relation between 
initial and final temperature for its boiler and relative condition, 
and is not plotted from temperature measurements, being located 
a distance lower on the diagram, corresponding to the difference 
in final temperature given in Table No. 1. These curves repre- 
sent one extreme of the effect produced on final temperature by 
a varying quality of the fire as influenced by the two boilers in 
question. 

25. Excess of air reduces initial temperature; for this reason, 
flow of heat to the boiler is decreased and more goes to the chim- 
ney, resulting in a higher final temperature. Therefore, low in- 
itial causes high final temperature, and when decreasing initial 
temperature is accompanied by generation of uniform quantity 
of heat or by increasing quantity of heat, the final rises inversely 
to that of the initial temperature to a marked extent. This, the 
other extreme, is indicated for the two boilers by curves A, and 
B,. Taking the effect produced by varying qualities of fire and 
initial temperature as illustrated by the curves showing the ex- 
tremes, it appears that the curve of average final temperature 
would be a horizontal line beyond the point of 950 degrees initial. 

26. But it makes no difference whether the final temperature 
is based on the average as illustrated, or on either of the extremes 
indicated by the curves, all show the increasing value of boiler 
B over A as the fire becomes poorer; while, on the other hand, as 
the quality of the fire, or, in other words, initial temperature in- 
creases, the value of the fixed and unvarying efficiency of a boiler 
becomes less, not owing to any change in the boiler itself, but 
in the effect produced upon it by the fire. So that as the initial 
temperature rises the resulting efficiency produced through these 
boilers comes nearer together. 

27. The author considers that these boilers, A and B, represent 
the extreme ranges of efficiency, possessed by what would be 
called first-class boilers, ahd it is his present opinion, if such or 
corresponding boilers be served with a very good fire, the result- 
ing efficiency produced through them will equal a fuel saving of 
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10 per cent. for the better over the poorer, at a capacity of one 
horse-power developed per each 10 square feet of heating surface, 
and this would be the minimum measure of value between them. 
But, as the condition of combustion becomes poorer, the effect 
of the value of a more efficient boiler becomes greater, and a 
purchaser would always realize benefit from it, which would not 
be the case with a good furnace and stoker over poor ones, unless 
properly operated. 


DISCUSSION. 


Prof. William Kent.—* It is useful and necessary to recognize 
the distinction between the efficiency of a boiler and_ boiler 
efficiency, the former a constant for any particular boiler.” 

I have never found that such is the fact, and I do not find that 
anywhere in this paper the author has given any method by which 
we can determine what he calls the efficiency of the boiler; that is, 
the constant by which we ean rate a boiler and say this boiler has 
a certain efficiency, which is a constant for this particular boiler. 
I do not understand how he is going to arrive at this so-called 
efficiency, or what the means are for getting at it. Of course, we all 
know what has been invariably called the efficiency of a boiler, and 
that it is clearly laid down and defined by the code of the Boiler 
Test Committee, and I do not think we really need any other deti- 
nition. 

The efficiency of a boiler is a figure obtained by a test, it is not 
a function of the boiler only, but also of all the variable conditions 
that exist during the test. The commonly used definition agrees 
with the general definition of etticiency of any machine, that is the 
ratio of “output” to “input.” It is the same thing which the 
author calls “boiler efficiency” or, elsewhere in his paper, 
“efficiency produced through the boiler. The attempt to define 
it otherwise makes a definition which is out of harmony with all 
existing literature on the subject. A boiler can no more have a 
definite constant efficiency, a function of the metallic structure 
only, than a steam engine can; the efficiency of a steam engine 
varying with the load, with the steam pressure, back pressure, ete. 

The results of Mr. Bement’s tests are interesting in showing 
that the efficiency of a boiler (as ordinarily defined) is greatly 
decreased by short circuiting of the gases and also by excessive air 
supply, but this is a well known fact. 

I must take exception to the statement in paragraph 22, that 
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efficiency ‘ decreases with increase of capacity on account of 
increasing resistance to flow of heat through the metal.” There is 
un increase 1 flow of heat through the metal, but there is not enough 
heating surface to absorb the excess of heat supplied. 

Mr, Albert A. Cary.—As the first part of Mr. Bement’s paper is 
somewhat similar to my discussion of his former paper, entitled,— 
* More Exact Methods for Determining the Efficiency of Steam 
Generating Apparatus,” I find that discussion almost applicable 
to this paper, but there are certain points which might be added 
to my former remarks which may prove interesting here. 

Professional men have become too prone to regard, in an engi- 
neering sense, a complete steam generating equipment as a boiler, 
whereas, had they turned to their old Webster’s Dictionary, taken 
his definition and in their investigations have given the boiler the 
individuality it must have in future considerations, we might find 
less radically bad practice than actually exists to-day in boiler 
design. 

Webster defines a boiler as “ A strong metallic vessel, usually 
of wrought iron plates riveted together, or a composite structure 
variously formed in which steam is generated for driving engines, 
or tor heating, cooking or other purposes.” Nothing is said in 
this definition of mason work, furnaces or grates. 

The etticieney of this individual piece of apparatus varies with 
its design and also with the temperature and quantity of heat sup- 
plied to it by the furnace. 

The ideal boiler shoud receive gases at the highest attainable 
furnace temperature and discharge them at the same temperature 
as the surrounding air. Barring unusual cases where an 
extremely bad setting might allow an exceedingly large infiltration 
of outside air, the gases which heat the boiler and its contained 
water, of course, cannot be discharged at a temperature lower than 
the temperature of the water and steam in the boiler. Any great 
excess of discharge temperature above this degree is due to either 
lack of sufficient heat absorbing surface, or else due to an improper 
disposition of the furnace gases as they travel from the furnace to 
the flue. 

Carefully conducted boiler tests have taught us that in average 
practice, for maximum economy, not less than one square foot of 
water wetted boiler surface (placed in the path of the hot furnace 
gases) should be provided for each 3 pounds of water evaporated 
per hour from and at 212 degrees. This means that 2897.1 

41 
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British thermal units are supposed to be transmitted to the water 
per each square foot of heating surface when this rate of evapora- 
tion oecurs. 

With the definition of individual boiler efficiency given by me 
in discussing Mr. Bement’s previous paper, we can see that if our 
boiler (considered apart from the furnace) were of 100 per cent. 
efficiency for every 2897.1 British thermal units delivered per 
hour by the furnace to the boiler, we should provide one square 
foot of heating surface. 

This assumption, of course, does not consider chilling effects 
from radiation nor cold air intiltration through boiler settings. 

As the individual etticieney of the boiler decreases, we tind that 
a greater quantity of heat must be supplied from the furnace to 
the boiler to care properly for this square foot of heat absorbing 
surface as shown in the following table: 


With a boiler efficiency of B. t. u.’s required, 


90 per cent. 3219 
80 3621 
70 4139 
4829 
59 5794 


Probably the principal reason for low individual boiler 
efficiency is the second cause mentioned above: viz., an improper 
disposition of the furnace gases traveling from the furnace to the 
flue, and this is well illustrated in the cut shown by Mr. Bement 
on page 626 of his paper. 

In my discussion of Mr. Bement’s paper at the last meeting of 
the Society, I mentioned my suecess in increasing the individual 
efficiency of a very similar boiler after ascertaining by careful 
pyrometrie and other methods just where the trouble existed and 
what was its extent. 

After the hot gases are delivered by the furnace to the boiler, 
to obtain high boiler efficiency, they must be guided so as to 
envelop and bathe the whole heating surface uniformly from the 
time they reach the heat absorbing surface until they leave it. 

There must be no cold pockets nor dead spaces where the gas 
does not circulate freely and bodies of gas of more or less volume 
must be broken up and evenly distributed over the entire path in 
which they are designed to travel. 

My attention was recently called to a peculiar occurrence in a 
large vertical water tube boiler where the tubes were arranged 
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around a central shell in sueh a manner as to form several clear, 
chimney-like openings through the coils of tubes. 

These openings extended from the furnace directly upward into 
the hood, forming the stack opening. 

Gases were discharged through these clear passageways at a 
temperature of about S00 degrees, while the temperature on the 
same parallel plane but over the nest of closely arranged tubes was 
less than 500 degrees. By closing these chimney-like openings, 
the efticiency of the boiler was appreciably increased. 

IT have always found, in the most efticient boilers, a gradual and 
more or less uniform drop in temperature from the point of first 
contact to their position of exit from the heating surface and a 
curve traced to show the gradual drop in temperature in such 
boilers should be uniform and continuous. Of course, such tem- 
peratures must be taken along a single line of gas travel. 

Any sudden breaks in such temperature curves always indicate 
a point of faulty construction or bad arrangement of the path of 
travel for these gases. 

For high boiler efticiency a high furnace temperature is most 
essential, 

If the specific heat of the gases remained constant at all tem- 
peratures, their drop in temperature between the furnace and flue 
outlet might be a direct function of the boiler’s efficiency. 

Thus with no outside disturbing effects, we would find that 


with a furnace temperature of 1000 degrees above the air supply 


wand with a flue temperature of 500 degrees above the air supply, 
a boiler efficiency of 50 per cent. would be obtained and if the 
initial and final temperatures were 2000 degrees and 500 degrees, 
a boiler efficiency of 75 per cent. would exist, while 3000 degrees 
and 500 degrees would give us a boiler efficiency of 834 per cent. 

High furnace temperatures do not necessarily produce high 
flue temperatures in boilers, as Mr. Bement has shown in his chart 
on page 630. This is due to the much higher rate of heat trans- 
iuission as the difference in temperature between the two sides of 
the transmitting surface increases. 

The necessity for high furnace temperatures is thus shown to 
be necessary to obtain the highest boiler efficiency. 

When high furnace temperatures are obtained, the gases should 
be delivered to the boiler in as evenly distributed a manner as 
possible so as to produce no initial concentration of this heat upon 
a small area of the presented heat absorbing surface of the boiler. 
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With such high furnace temperature, in well designed boilers, 
there is no danger of damage occurring to the boiler, providing 
the boiler is kept free of scale and deposits, and there is no exeuse 
in these days for allowing harmful boiler deposits to oceur. 

This aceumulatic:: of deposits inside of boilers as well as 
accumulations of soot, ash, ete., on their exterior may be consid- 
ered as secondary causes which may affect the efficiency of boilers, 
but if they are properly designed and set to allow frequent and 
easy cleaning, such troubles practically vanish. 

Regarding boiler efticiencies being affected by the quality of 
fire, rate of driving, ete., as mentioned in this paper, it is not 
rational to suppose that a boiler having its heat absorbing sur- 
faces imperfectly bathed in the flowing furnace gases should be- 
come more efficient with a poor fire, and low furnace efticiency, 
than when it is operated with a well manipulated fire and a high 
furnace efficiency. 

Supposing that a boiler is provided with a proper amount of 
heat absorbing surface, but the hot furnace gases it receives are 
sent over the heat absorbing surface in such a manner that when 
we make temperature measurements across any section of the path 
of gas travel (at right angles to their direction of flow), we find 
enly a fractional part of such surface is bathed with these gases 
at their highest temperature while the balance is bathed with 
gases at a lower temperature. This range of temperature is 
shown, in one case, to vary from 400 degrees to S00 degrees in the 
chart (Fig. 232) of Mr. Bement’s paper. . 

Suppose again another boiler of similar proportions, with 
its furnace gases conducted over its heat absorbing surface in 
such a manner that a practically even temperature is maintained 
across the entire area of a section of gas travel (at right angles to 
its direction of flow). 

In the first case we have a boiler with only a portion of its 
heating surface made capable of producing a high rate of evapor- 
ation, while a lower rate occurs at all other positions, and differ- 
ent parts of the heating surface must have different heat trans- 
mitting values. 

In the second case we have practically uniform evaporation 
over every square foot of heat absorbing surface which promotes 
the maximum possible absorption of heat under all degrees of 
practical furnace temperatures, and it follows that lower flue 


temperatures must result, as compared with the boiler described 
in the first supposition. 
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It is searcely worth considering, the matter of forcing boilers, 


after the above discussion, as it is easy to see the great advan- 
tage, and higher efticieney of a boiler with its entire heat absorb- 
ing surface evenly bathed than when the hottest portion of the 
gases at any section of the path of flow are concentrated upon a 
fractional portion of the heat absorbing surface, while the balance 
is bathed in stagnant and slowly moving gases of a much lower 
temperature. 

Turning now to surface considerations, Mr. Bement, on page 
621, takes exception to the definition of furnace efficiency given 
by me in discussing his previous paper, on account of its not con- 
sidering resulting temperatures. 

In this criticism he seems to confuse furnace etticiency with 
combined boiler and furnace efficiency and he seems to lose sight 
of the fact that the furnace is purely and simply a piece of chem- 
ical apparatus built for the purpose of promoting and effecting 
certain chemical combinations between the available oxygen and 
the combustible constituents of the fuel, and if complete and 
maximum oxidation oceurs in the furnace, before the resulting 
produets of combustion leave it or its attached combustion cham- 
ber, 100 per cent. furnace efficiency is attained and as a very high 
furnace temperature is the invariable indication of the best 
furnace conditions, with such results as just deseribed, we can 
safely expect a very high temperature resulting. 

The theoretical elevation of temperature of the fire may be 
caleul ted by the formula— 


WS 

where T is the elevation of temperature; IT, the British thermal 
units generated by the combustion; W, the weight of gaseous 
products, and S the specific heat of these produets. 

In the theoretical furnace of 100 per cent. efficiency, just 
deseribed, all the British thermal units contained in the coal 
have been generated in the furnace, the same as in a Mahler 
Bomb Calorimeter. Again, as such perfect combustion could not 
be realized in the presence of too great an excess of air, chill- 
ing and diluting the combustible gases, the weight of the gaseous 
products of combustion must be practically at their minimum, 
Which facts show when referred to this formula, that high tem- 
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peratures must result, and therefore, the definition of furnace 
efficiency need not consider the matter of resulting temperatures. 

As most grates, whether stationary, or mechanically operated, 
may be used and fitted into furnaces of different forms, each 
requires separate consideration in furnace design. I have often 
found in my practice, one form of grate totally untitted for use 
in a furnace of the best design to obtain the highest results from 
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Fie. 238.—BALANCED DRAFT SYSTEM. 


the particular fuel under consideration and have, therefore, been 
obliged to reject it for some other better adapted form. 

Mr. A. J. Herschmann.—The illustrations (Figs. 237 and 238) 
are of the balanced draft device which we are now using in the 
Fuller Building in New York. Ordinarily an engineer would ex- 
pect to have a very sharp blast in a chimney in order to get as 
favorable a condition of combustion as possible, but if you actu- 
ally get about 14” draft in a stack this is what occurs: The air 
comes in at the point (A), and travels at the angles indicated, 
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passing into the stack at (6). Naturally there are pockets formed 
(P) in which there will be no gas at all and the gas will simply 
take a short cut down. These poekets will always indicate the 
parts of the boiler that are not active in generating steam. 

The device which we employ in the Fuller Building is not a 
steam jet, as Professor Benjamin seems to have thought. It is a 
fan about four feet in diameter, which blows the air under the 
fire. We get about half ‘an inch of blast under the furnace, and, 
by the time it passes through the coal, it has a perfect balance 
of draft at (C'), so that when you open the fire door a handker- 
chief held in front of it will be perfeetly limp. This condition is 
brought about by automatic movement of the damper. Naturally 
when the fireman opens the door there will be no cold air rushing 
in and chilling the boiler. With the use of this device it is possible 
to burn very small sized coal. For instance, if we use buckwheat 
No. 2, with the ordinary draft, there would be difficulty in 
charging the furnace; but using a blast under the fire we ean 
send the air through so as to enable it to pass through the fuel 
without letting the fuel go through the grate. 

Prof.-F. R. Hutton.—The action of which Mr. Herschmann 
speaks is made particularly clear by the self-cleaning tubes which 
are in the direct current and where the dead pockets from the 
deposit of free dust are very much greater than in the direct cur- 
rent of the gas. 

Mr. F. J. Bryant.—I would like to ask Mr. Herschmann at 
what temperature he forces the air in, and also how he beats it 
so as to prevent the cold air coming under the fire and dampen- 
ing by moisture? I know there are several types of this form 
of furnace auxiliary used, but [ think in each case they warm the 
air. 

Mr. Herschmann.—The air is not heated at all. We take the 
ordinary air and send it in to the fire through the fan. There 
are devices, I know, where the air is heated; they naturally eall 
for more power. 

Mr. Blauvelt.—I should like to ask whether the economy 
claimed for the device spoken of is greater than with a properly 
dampered stack. Does not the expense of the power necessary 
for blowing the fire more than counterbalance the loss in efticieney 
which would be sustained by running the boiler with half an inch 
suction above the fire, which would give the same relative condi- 
tions above and below the grate as those described. 
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Mr. Herschmann.—The economy of this device seems to be 
remarkable, I made very careful tests and found, comparing the 
burning of soft eoal and the ordinary stack by this device and 
burning buckwheat No. 2 with this device, a difference of 34 per 
cent. in favor of buckwheat No. 2. Against that I charged about 
$600 for an additional fireman, although that is not conceded by 
the people who introduced the device. They naturally claim that 
where boilers aggregating 300 horse-power had to generate 400 
horse-power they should have a second fireman, whereas we only 
have one fireman running the boilers. So this $600 against the 
economy is in dispute. Furthermore, I charged about $400 on 
extra ashes. That also is not conceded, but on a coal bill of 
$12,000 we should, according to the test, have a gross saving 
of $3,500. Charging all these different items against the econ- 
omy, we should still get about 24 per cent. clear economy. 

Mr. Blauvelt.—The novelty of the plan, as I understand it, is 
the entire elimination of the heavy draft through this tall 
stack and the substitution of a forced draft; and my question 
was intended to be as to the relative economy of the method 
deseribed. Suppose the heavy draft of that tall stack was 
dampered down so as to produce half an inch of suction; you 
would then have the same relative conditions above and below the 
grate as at present, except the losses due to infiltration of air 
above the tire and the chilling of the gases by that infiltration. 
On the other hand, you now have the losses due to the generation 
of the power expended in maintaining the half inch pressure 
below the grate. I should like to know which method would be 
the more economical under the conditions you have described. 

Mr. Herschmann.—It would seem theoretically that the matter 
may be disputed. But I can refer to tests that I have made, 
which should be conclusive proof. There is this to be said, that 
with the use of such a device there is no infiltration of air at all 
because the boiler brickwork is not on a partial vacuum within 
and subject to atmospheric pressure from the outside. With 
the ordinary stack where you get about 12” of draft you have 
a likelihood of false air finding its way into the fire. The damp- 
ers being actuated in connection with this device, as soon as the 
pressure goes up the damper shuts down. And so with the fan; 
this enables you to carry more uniform steam pressure, and 
naturally should increase the economy of engines and pumps. 

Mr. Bryant.—I looked into this same subject in a little differ- 
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ent way only a short time ago. The method that I was looking up 
was the heating of the air before it is forced in under the grate, 
and from the investigation that I was able to make I found that 
the mechanical loss due to the blower was quite considerable— 
running up, I believe, to something like 6 or 8 or even more per 
cent. of the steam produced—and it occurred to me that it was: 
something like the passing out of funds at one end after taking 
them in at the other end. I personally have been unable to see 
very much of a gain in the duty in the investigation that I have 
made, although I confess it has not been a very exhaustive one. 

Prof. Kent.—It seems to me that most of these comparisons of 
improved efficiency are made on the principle of * before and 
after,” that is, taking the condition before the device is put in 
and then the condition afterward, and comparing the results. 
Some ten vears ago, Professor Carpenter, of Ithaca, and myself 
had to make a boiler test on the before and after principle, and 
we found after the device was put on that we had apparently 
a twenty per cent. gain. We reported that on the face of the 
returns it looked like a 20 per cent. gain, but that the result was 
ridiculous, for we knew that the thing could not have produced 
any such gain. We found that the only reason we got this 
apparent gain of 20 per cent. was because the ‘* before” result 
was a very bad one, and the “ after” result was only moderately 
_good. We knew that we could with a horizontal tubular boiler, 
with ordinary firing, and using ordinary coal, have reproduced 
the good result; but by some accident the first test was a very 
poor one. 

So in testing all devices, instead of making comparisons on the 
before and after principle, we should compare the results ob- 
tained with the device, with the best results previously recorded. 
For example, we know and have known ever since the Centennial 
Exposition in 1876, what good records are, and we know that the 
best records ever obtained in boiler practice with anthracite have 
been with natural devices (draft and ordinary firing), and not 
with special devices, and the results obtained in 1876 have never 
been bettered in any anthracite coal tests. I think the limit was 
reached thirty years ago and that none of these improved devices 
are really going to improve economy to any great extent. 

Mr. Herschmann.—\l would like to say that I wish to be 
understood as merely stating the difference in results between 
what we had in the building while burning soft coal and what 
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we got afterwards burning hard coal. I do not wish to be under- 
stood as being absolutely certain that the difference was brought 
about directly and solely by the putting in of this device. It was 
the difference between burning expensive soft coal and the 
cheapest grade of hard coal. It must be said that buckwheat No. 
2 could not be burned with natural draft; it would, therefore, 
seem that credit is due to any device by the use of which it can 
be burned. 

Prof. Kent.—That makes an entirely different proposition, of 
course. I did not understand the gentleman to say that it was 
simply a comparison between the two different kinds of coal. We 
can often effect a great saving in economy by substituting cheaper 
coal, and it is often necessary to put in a forced draft, to burn 
the cheaper coal. I am in perfect agreement with Mr. Hersch- 
mann on that point. 

Mr. A. Bement.*—In reply to Professor Kent, 1 will illustrate 
the need for a method of determining the efliciency of a boiler. 
Let us assume two boilers of exactly the same size and design, one 
fired with an excellent semi-bituminous and the other with a low 
vrade coal high in ash. It will be as easy to produce an effi- 
cleney of 70 per cent. through the one fired with the good coal, 
as to get oO per cent. from the one with the poor coal, vet the 
boilers are exactly the same, and for this reason their efliciency 
cannot be in the ratio of 50 to 70, but the etliciency produced 
through them is in this ratio. It was not intended in the paper 
to offer a method of arriving at the etticiency of a boiler, but in 
a former paper,t I suggested certain standards such as steam 
pressure, condition of combustion and rate of evaporation per 
unit of boiler surface. 

It is stated that a boiler ean no more have a definite constant 
efliciency than a steam engine can. If this is true, then people 
make a mistake in buying compound engines with many valves 
and elaborate valve gear instead of those with only one cylinder 
and one valve. 

[ am very much pleased that Mr. Cary agrees with me to 
such an important extent. There is one point in particular, 
however, regarding which we appear to be not in agreement. 
This is the feature called furnace efficiency. It is true in the 


* Author’s Closure, under the Rules. 
+ ‘‘ More Exact Methods for Determining the Efficiency of Steam Cenerating 
Apparatus,” Vol, xxvi., page 418 of the 7ransactions, 
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sense used, that a “ furnace” is a chemical apparatus, and as 
such its office is to oxydize fuel, 


and if oxydation, or in other 
words, combustion is complete, then from this point efficiency of 
100 per cent. would result, but the object of the chemical process 
is the production of heat which is required to perform a certain 
work, consisting in this connection of its flowing into the boiler, 
which it cannot do unless developed at a sufticient temperature. 
The simple chemical process in itself has no useful value, there- 
fore there is no object in defining a measure of efficiency for a 
process which does not produce a useful result. It necessarily 
follows that the temperature is a funetion of “ furnace” 
efficiency, or to be more exact, of the heat producing process. He 
is quite in error in supposing that I seem to ‘ confuse furnace 
efficiency with combined boiler and furnace efficiency.”” My con- 
tention was, that there is no advantage in completely burning the 
fuel if it does not produce some useful result. It is true that if 
combustion was complete with no air in excess, that ‘* furnace ” 
efficiency would be 100 per cent., even if the gases eseaped 
directly to a chimney, but there would be no advantage, because 
there would be no boiler to heat, and if the only object was to 
completely burn the fuel, it would be more convenient to have an 
excess of air, therefore we cannot properly attempt the definition 
of “furnace” efficiency unless the object of the combustion is 
taken into consideration. 

In reference to the “ before and after” principle of tests men- 
tioned by Professor Kent, it is well to keep in mind the fact that 
a saving cannot be effected in a case where a loss does not oceur, 
and that if in comparison something is superior, that to which 
it is compared must be inferior, and in this connection, it would 
have been more to the point in the ease of boilers A and B which 
I mentioned, if the comparison had been made from the stand- 
point of the inferiority of A rather than the superiority of B. 
In such a ease as this mentioned by Professor Kent, where the 
object was to determine the effect produced by some device, it is 
very important that proper pains be taken to develop the full 
possibility of the condition being studied, which it would appear 
had not been done in the first one of the two tests. One of the 
important causes of confusion which prevail regarding boiler 
performance, ete., is that people almost invariably suppress the 
figures when the results are bad. Boiler manufacturers make 
a point to publish their good tests, and users are ashamed to let 
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their neighbors know how poor their practice is, therefore the 


impression is liable to prevail, as has been intimated, that beeause 


certain results were secured at the Centennial Exposition, they 
apply to general practice. 
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THE FUNCTION OF LABORATORY COURSES IN THE 
CURRICULUM OF ENGINEERING SCHOOLS.+ 


BY CHARLES EDWARD LUCKE, NEW YORK, N. Y. 


(Associate Membe> of the Society.) 


1. Instruction in engineering by the experimental method 
through the medium of laboratories is so generally accepted as 
necessary to the training of professional engineers that at this 
time it needs no defense. The details of execution of such labora- 
tory instruction and the exact results to be attained which should 
control the executive element are, however, not the same in the 
different technical schools in this country. This fact was brought 
out most forcibly during the past summer by the numerous visit- 
ing engineers and investigating technical committees from abroad 
attending the St. Louis Exposition. Conversation with these gen- 
tlemen and later statements in their printed reports and papers 
show that while deploring the lack of uniformity of technical in- 
struction in general in their own countries and admitting, in most 
cases, the superiority of the American system, they question the 
advantages to be derived from our admittedly magnificent labora- 
tory equipments, basing the judgment, of ceurse, on their obser- 
vations. The unlike methods of handling laboratory apparatus in 
use in our different institutions, and the variety of professed aims 
for that part of the instruction dependent on this apparatus, which 
makes the European doubt that advantages are derived propor- 
tionate to the expenditure involved, is at least worth investigation. 


* Presented at the Scranton meeting (June, 1905) of the American Society of 
Mechanical Engineers, and forming part of Volume XXVI. of the Transactions. 
+ For further discussion on this general subject consult Transactions as 
follows : 
No. 582, vol. 15, p. 655: ‘‘ Technical Education.” Eckley. B. Coxe. 
No. 850, vol. 21, pp. 646-1114: ‘‘ Education of Machinists, Foremen and 
Mechanical Engineers,” M. P. Higgins. 
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2. Just what benefit is to be derived from the use of labora- 
tory apparatus is a question that must be answered, and in the 
answer will be found the method of instruction, based on that 
apparatus, conducive to the student’s greatest good. It may be 
that this greatest benefit to the student can be obtained only with 
the greatest effort on the part of the instructing staff, which would 
be the case without apparatus, or it may be that through the 
medium of apparatus the professional instruction can be simplified 
and conducted by fewer and less able men than would otherwise 
be necessary. In reference to this relation of instruction and 
apparatus to the student, Professor Armstrong has said: “ What 
the colleges (American) are suffering from very largely is the 
great over-provision of appliances and under-provision of teachers 
and of well-prepared students. I think if they scraped the 
greater part of the provision and obtained teachers who could 
develop more individuality in the students probably there would 
be a great improvement in the output.”’ Naturally our first im- 
pulse on reading such an opinion is to deny the existence of the 
fault as Professor Armstrong sees it, but there is in the statement 
the keynote of the whole situation: for he maintains that the aim 
of the instruction is to develop individuality in the student, deny- 
ing only the efficacy of our means. 

This same aim he again states in a different form as follows: 
“ We should adopt the plan of training students from the research 
point of view, from the point of view of developing their thinking 
power and their originality.” Here again we must agree with 
Professor Armstrong, but again likewise question our methods 
when judged in the light of the results as observed by more or 
less disinterested and experienced engineers and teachers. Ameri- 

‘an methods are criticized by another Englishman, Dr. Walmsley, 
who says in many cases the training is too superficial and too apt 
to overload the student with a large and confused assortment of 
facts instead of training him in principles. That so many able 
Europeans have found the same thing in varying degrees, viz. : 
that our American technical schools, though provided with un- 
excelled laboratories, machinery and instruments, still fail to 
make the best use of them in the field which they are best fitted 
to cover—the development of individuality and originality—but 
tend, on the contrary, to superficiality or the teaching of isolated 
facts makes it desirable that the question be discussed among our- 
selves, It is for the purpose of bringing out the opinions of the 
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members of this Society that this paper is presented, to the ulti- 
mate end that evils, if there be any, may be corrected, or if found 
not to exist that those who are engaged in the work of instruction 
may be reassured. 

3. Difference in methods is entirely justified, if such differences 
correspond to similarly different aims. So that, provided each in- 
stitution employs a method consistent with what it conceives to 
be the aim of the instruction, lack of uniformity of method 
throughout the country does not prove a failure to make the most 
of opportunities, on the one hand, or a failure to understand the 
duty of the institution to the student on the other. The real 
question to be investigated and discussed is not so much the de- 
termination of the best method, for there is probably no single 
best method, but rather: 

(a) What should be the aim of the technical work dependent on 
laboratory instruction? 

(b) Can there be more than one legitimate aim in our technical 
schools? 

(c) What should be the method of such instruction to best 
accomplish the aim and justify the use of the machinery and in- 
struments of a laboratory? 

Of course the aim of all technical education is likewise the aim 
of each course of instruction, but besides such general aims as 
are thus inclusive of everything, there are other subsidiary, or 
rather more concrete objects to be attained by each course or 
method. The particular object of any one course may not in- 
clude that of another course, therefore to state the aim of experi- 
mental laboratory instruction in such general terms as “ to edu- 
cate engineers” is practically to say nothing. The specific aim 
of such instruction must be more concretely stated to permit, by 
analysis, the determination of the method of conducting the in- 
struction. When so stated it must necessarily include possibilities 
not covered by text-book courses, lecture courses or others vari- 
ously defined. Before, however, the conerete expression of an 
aim is attempted, definite results which might be obtained by the 
student through such instruction over what he would acquire 
without it will be most valuable in justifying the employment of 
this elaborate and expensive equipment. In addition to the speci- 
fic results which might be attained by apparatus instruction to 
the exclusion of other methods, there may be results common to 
all methods which are merely intensified by the laboratory, and 
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these are also valuable assets in favor of the existence of the 
laboratory. 

4. The object of all professional engineering schools is to send 
away thinking men with the equipment to become good engineers. 
A good engineer is a man who can do things in a certain field of 
labor rather than a man who knows a large number of facts in 
that same field, but is unable to use them. The technical school 
can teach students facts, and may train men to do and to think, 
but may fail utterly to do so. Much depends on the student’s 
physical endowment, more depends on the methods of instruction, 
but most on the characteristics of the instructor and his individu- 
ality. This applies to such parts of the course of instruction as 
are dependent on the laboratory apparatus. If, by the use of 
apparatus, the student can aequire more than without it well and 
good, but the use of that apparatus will be better justified if, in 
addition, the student can be made to think more clearly, more 
boldly, more originally than without it, and finally when through 
the use of that apparatus he can be taught to do things, then not 
only is the use of apparatus justified, but it must be regarded as 
indispensable, be the cost what it may. However, it is not suffi- 
cient that the above results are merely possible; it is even more 
necessary that the results be actually attained. If a result is pos- 
sible, it can always be attained by proper methods. 

5. For convenience, the possible results of experimental labora- 
tory instruction are grouped under four headings, which may be 
more or less mutually inclusive. 

(1) “ To teach the student how to make the standard commer- 
cial tests.” This means such tests of standard apparatus as he 
may be expected to exactly repeat in his future professional life, 
and most of which have been standardized by committees. 

(2) “ To judge and criticise existing data on record in books 
and journals.” Practically all the useful data on engineering sub- 
jects have been determined by experiment and are the result of 
observations on apparatus under definite conditions. By the 
student’s experimental work he may become familiar with the 
measuring devices in use, the limits of their accuracy, the extent 
of a man’s possible personal error, the great dependence of re- 
sults on conditions, and may learn caution in applying results, 
determined under one condition, to a case surrounded by totally 
different conditions. 

(3) “To judge the limits of practical performance for ma- 
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chinery of all classes and to know to what degree losses of energy 
may be reduced or results desired improved by perfection of de- 
sign.’ This is the inevitable result of comparing actual perform- 
ance of machinery with what is theoretically possible under ideal 
conditions. Sufficient experience along these lines will prevent 
a man from attempting the impossible, as well as make him im- 
patient with results below the normal. 

(4) “* How to approach a new problem, and by the application 
of a method of attack to make certain either a solution or the 
impossibility of solution.” This is commonly ealled research, and 
while success may seem to be dependent to some extent on the 
mental endowment of the man, yet any one by drill under proper 
direction may learn systematic attack, and at least improve the 
chance of success. A new problem is never new in all its elements; 
there will be some features which have appeared before; so by 
eareful analysis a broad new problem should be separable into a 
number of simple elementary problems, some of which are already 
solved, and which together will determine the solution of the 
broader original problem. Some of these problem elements will 
be solvable by computation, but generally there will be others 
which must be solved by experiment. By sufficiently detailed 
analysis these experimental elements may be reduced to such 
simple observations as are possible with the instruments available. 
This analysis and partial solution of the elements of a broad prob- 
lem will call for the application of the whole experience and pre- 
vious knowledge of the man, as well as his power to organize and 
execute. 

6. All the methods in use in conducting laboratory instruction 
may be placed between two limits. At the lower limit there is 
provided in connection with each piece of apparatus a complete 
description of one determination that can be made by the appa- 
ratus, including instructions for manipulation, a list of data to be 
observed and the computation of results therefrom, all illustrated 
by an example. There is practically no thinking required, and 
about all the student acquires is skill in manipulation, aside from 
a few facts on the results. 

7. The method which may be placed at the upper limit is pure 
research, in which the student is given a problem to solve experi- 
mentally and receives no further help. The method of attack, 
the data, the selection, use and manipulation of apparatus and the 
computations involved, are all left to be determined by the stu- 
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dent, without assistance but without restriction. An illustration 
of such a problem is one given by the world to all engineers for 
solution: “ Is the gas turbine a possibility, economically and me- 
chanically?”’ Between these two limits the methods in use leave 
to the student some unsolved elements, and require more or less 
thinking, and as a result will require more or less time on his part. 
Frequently there is a tendency to save the student effort by the 
use of a printed report blank, containing a list of all necessary 
observations, and some unnecessary ones, with a set of calculated 
results, and instructions for obtaining them. One of these taken 
from the publications of one of our well-established technical 
schools is given below. 


Test of Gas Engine Directly Connected to Dynamo. 


(1) Dimensions in inches. 
(2) Length of test in hours. 
(3) Number of revolutions made by engine shaft per minute. 
(4) Number of explosions per minute (right-hand cylinder). 
(5) Number of explosions per minute (left-hand cylinder). 
(6) Cubie feet of gas consumed per hour. 
(7) Temperature in degrees Fahr. (gas at meter). 
(8) Temperature in degrees Fahr. (exhaust gases). 
(9) Pressure of gas at meter in inches of water. 
(10) Jacket water, weight in pounds per hour. 
(11) Jacket water, temperature at inlet in degrees. 
(12) Jacket water, temperature at exit in degrees. 
(13) External current from dynamo, ampéres. 
(14) External current from dynamo, volts. 
(15) Barometric pressure in inches of mercury. 
(16) B. t. u. per eu. ft. gas at normal pressure, 60 degrees Fahr. 
by Junker Calorimeter. 
(17) Indicated horse-power. 
(18) Electrical horse-power, external circuit. 
(19) Cu. ft. gas per i. h. p. 
(20) Cu. ft. gas per e. h. p. 
(21) Ratio of electrical to i. h. p. 
(22) Heat balance in per cent. of the total heat of combustion. 
(a) Heat equivalent of the indicated work. 
(6) Heat rejected in jacket water. 
(c) Heat rejected in exhaust gases radiated and unaccounted 
for. 
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Methods to be Employed in Calculating the Results. 


Items, 1 to 16 contain data observed during test. 
(17) Let P = the mean effective pressure in pounds per square 
inch 
1 = length of stroke in feet. 
a = area of piston in square inches. 
n = explosions per minute. 
Then: 
Plan 
33,000 
Obtain the horsepower for each cylinder separately and add, 
in order to obtain the total horse-power. 
(18) Let I = current ampéres. 
E = e. m. f. volts. 


Horse-power for one cylinder = 


746 
LE 

(19) Divide Item 6 by Item 17. 

(20) Item 6 Item 18. 

(21) Divide Item 18 by Item 17, ete., to the end. 

8. There is no definite object stated for the test which, there- 
fore, can mean to the student only one thing, viz.: A gas engine 
test consists in the running of an engine fitted with certain instru- 
ments, and the finding of numerical values to fill in these blank 
columns, and without blank columns to fill in no test is possible. 
Aside from the fact that this report blank in the student’s hands 
leaves practically no thinking for him to do, there is danger that 
it will do him positive harm by giving him incorrect ideas. That 
there is more than one kind of useful test possible on a gas en- 
gine, and that a great number of useful facts and basic principles 
on the characteristics of this method of converting heat of com- 
bustion into work can be discovered with this engine as a piece 
of apparatus, may escape him entirely. There are many definite 
and important problems which may be solved by this machine, 
and if each were treated as a problem to be attacked by the stu- 
dent and analyzed into measurable elements there would result 
not only the acquirement of the facts as before, but also through 
success in systematic solution the experience would inculeate self- 
reliance in the ability to succeed again. 

9. Every problem to be solved in the laboratory is as much a 
mystery to the student as the design of a propeller to drive an 


Then electrical horse-power = 
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airship at a given speed is to the average practical engineer, and 
this is all the more a reason for giving him the problem and an 
analysis method of attack which brings success to the average 
research problem. 

10. There is another point of view from which the laboratory 
method of printed report blanks carrying lists of desired data in 
tabular form may seem desirable, and that is the relief of the 
instructing staff. Since there is so little for the student to do 
except read a pressure gauge thermometer, or do some other 
similarly simple thing, and to compute the results by dividing 
column X by column Y on the form, he will have compara- 
tively little trouble and will require but little attention. By 
reason of uniformity of material, the report in the instructor’s 
hands ean be checked and marked on the numerical results alone, 
whereas, if some method of individual analysis leading to attack 
and solution were required and made the primary object, the 
numerical results, which in unskilled hands are useless anyway, 
assume but little importance. In this case the report must be 
carefully read by the instructor and judged on the ability shown 
in handling the problem, rather than on the numerical results. 

11. Again, by recording so much for the student he is not 
called upon to use any previous information or apply principles 
derived from reading, from his class work or his personal experi- 
ence, nor must he seek and use for comparison any similar data. 
He does not judge the accuracy of his results, nor discover the de- 
pendence of his results on conditions. These conditions for the 
important results in the test cited would be: Kind of gas, com- 
pression, initial pressure and temperature, proportion of air to 
vas, leakage of piston and valves, governor action, ignition point, 
back pressure, speed and many others. Thus one piece of appa- 
ratus may then be the means not only of adding to the student’s 
fund of facts to an almost unlimited extent, but also by putting 
the work in the problem form, basic principles applied in the 
machines can be taught, as well as the experimental method of 
solving problems. 


12. If the aim of the instruction be a knowledge of how to con- 
duct commercial tests, a report blank containing information 
agreed upon as necessary by committees is quite sufficient and 
eminently proper. At the same time, however, should it be de- 
sired to teach no more than this, a very limited amount of ap- 
paratus of any design, whether in good or bad condition, would 
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suffice. A student can be taught just as well how to conduct a 
standard boiler test for capacity on a worn-out or old type of 
boiler as on a new one, or can be taught how to handle indicators 
and brakes or find engine capacities on old or small engines as 
well as on new and large engines of refined design. The solution 
of experimental problems to teach a method of individual solu- 
tion and underlying principles of machine operation requires, 
however, the best of apparatus. Imagine a test to determine the 
economy of reheating steam in receivers of compound engines 
being conducted on leaky or small engines, or the relative economy 
of multiple and single expansion of steam in a laboratory, with 
only simple engines and no condensers. These things are ridicu- 
lously impossible, and yet they are useful fundamental problems 
in the economic use of steam, such as should enter into the course 
of instruction for mechanical engineers everywhere; and they 
offer good laboratory problems for experimental solution if the 
apparatus is available. 

13. This research, or successive problem solution, method of 
conducting laboratory work with apparatus of the best seems to 
promise the student training of the kind that counts for success 
as an engineer whose whole life is one long succession of meeting 
and solving problems. The method may differ from what has been 
defined as the upper limit of methods—pure research—in giv 
ing to the student some real help, but not enough to deprive him 
of the necessity, for good vigorous thinking with the pleasure and 
sense of power which results from success attained after effort. 
The best form for this help to take is the assignment of a definite 
piece of apparatus for the solution of every problem and the fit 
ting of that apparatus with the necessary instruments, the manipu 
lation of which may be explained, but no more. This should not, 
however, limit any apparatus to the solution of but one problem. 
One attempt to apply this modified research method made by tli 
writer, in the experimental mechanical laboratory of Columbi« 
University, has met with considerable success with all but a po 
sible 10 per cent. of the students, who seem to fail utterly to ge! 
anything out of it. 


14. For each afternoon’s work per week in the laboratory ther 
is assigned one lecture per week, at which the problems to |: 
solved are assigned and the method of attack explained and illu: 
trated by examples. Before performing the laboratory work t!c 
student must prepare for himself the first three of the seven para- 
graphs in his report, which are given below: 
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Work to be Done Before the Experiment. 

(1) Concise definition of the problem to be solved. This is 
given by the instructor, and in practice often includes several 
problems more or less interdependent to be solved; in this case 
each being stated separately. 

(2) Justification of the problem. By an examination of the 
problem in the light of experience or theoretic principles the 
nature or magnitude of the results demanded by the problem will 
be found to be wholly or partly impossible to predict, and hence 
must be measured. This is intended to induce the preliminary 
application of a man’s whole fund of experience to the case in 
hand and to assist, by so doing, in the solution. 

(3) Analysis of the problem in the light of available apparatus 
and basic principles, to such detail elements that it becomes pos- 
sible to set down a list of observations to be made and a list of 
assumptions or constants needed and where they may be found. 


After the completion of this examination of the problem the 
student is ready to begin experimental work, and he is not per- 
mitted to do so until he has handed in his preliminary report 
with the study of the subject as explained. 

In the laboratory his attention is devoted to finding the answer 
to the problem rather than filling in columns or wondering what 
to do with the reading of some thermometer, or what good the 
reading is after he has it. This leads naturally to the rest of the 
report, which contains paragraphs each with a guiding title as 
follows: 


Work to be Done During and After the Experiment. 

(4) Results of the observation with as much of the method of 
making them as is necessary to judge of their quality or limits 
of application under new conditions. This is really nothing more 
than a brief summary of the actual experience in the laboratory. 

(5) Answer to the problem, using the observations and assump- 
tions found by the analysis to be necessary. Where the answer 
involves a variation of one thing with anything else the nature of 
the variation is indicated by plotted curves. 

(6) Accuracy and errors. In this part of the report it is freely 
acknowledged that nothing found experimentally can be abso- 
lutely right, but results may approach accuracy more or less. 
Three errors are to be considered: 
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(a) Apparatus error, due to unfitness or lack of adjustment as 
affecting observations. 

(b) Personal error in all work. 

(c) Resultant error due to accumulation or neutralization of 
many elementary instrumental and personal errors. 

(7) Interpretation of results. The full significance of the re- 
sults are not always apparent by mere statement, but require 
some study to clarify. The interpretation usually takes the form 
of an explanation of the results, or the probable reasons why 
things were as they were found. 

15. When by this method the student has arrived at an answer 
to his problem he is immediately conscious of suecess, and not 
only confident of the results for the next case, but eager to attack 
anything. He has thought out the basie principles involved in 
the problem, found for himself its elements and made observa- 
tions which he himself decided were necessary and obtained gen- 
erally, in spite of the stress of noise, heat and other annoyances. 

16. The working out and interpretation of results calls again 
for application of all the principles known and comparison with 
results of other experiments, and might well be the daily experi- 
ence of any of our best engineers, while the clear writing of a 
concise report on the whole process is likewise no more or less 
than common engineering practice. After the solution of some 
fifty or sixty such problems the student is ready for his thesis 
problem, which now has no element of mystery, but is a simple, 
straightforward process, different in detail from anything done, 
yet no more different than the regular problems were from each 
other, and again duplicating as nearly as possible conditions to be 
met in future professional life. In this work, however, the detail 
of apparatus is a new element and practically the only one, bui 
the thesis is usually, however, from its magnitude, or large sweep, 
more difficult of solution, and calls for all the preparation, skill 
and power of organization available. When not degenerated into 
little more than a commercial test, this thesis is the culmination of 
such research or experimental problem course of training as has 
been described. When of this nature it merits the commendation 
so universally bestowed by visitors from abroad. Professor Cor 
mack, referring to this thesis work, said recently: “I think it a 
most excellent training. It draws out the student, it compels him 
to think for himself, to marshal his forces to look up references, 
to compare the work which has been done by other people on the 
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same subject, and altogether it is very valuable as a training, 
even if the thesis itself cannot be regarded as a considerable con- 
tribution to existing knowledge.” Here, it is the training that 
results from the application of the method to the solution, rather 
than the results, that calls forth praise from Professor Cormack, 
and the same thing may be true of the whole laboratory course if 
conducted along similar lines; the necessary gradation of work 
to meet the student’s ability being obtained by intelligent selec- 
tion of problems offering gradually increasing difficulty. As an 
item of interest a few of the many problems used in the regular 
work at Columbia are given below: 


(1) Determination of the coefficient of contraction for a ree- 
tangular weir. 

(2) Variation of contraction coefficient for weirs, with rate of 
flow, rounding of sill and end contraction. 

(3) Variation of the corrective factor for pressure gauge with 
the seale. 

(4) Variation of corrective factor for transmissive dynamo- 
meter with speed and load. 

(5) Relation between mechanical efficiency of a steam engine 
and load. 

(6) Variation of pump duty with initial steam pressure at con- 
stant head and constant steam pressure with variable head. 

(7) Volumetric efficiency of pump cylinder and its dependence 
on piston speed. 

(8) Pressure drop through steam ports as a function of steam 
velocity. 

(9) Variation of actual water rate with load in throttle gov- 
erned, as compared with cut-off governed, steam engines. 

(10) Variation of actual water rate at constant load with ini- 
tial pressure and vacuum. 

(11) Determination of initial condensation for simple com- 
pound and triple engines and its dependence on cylinder tempera- 
ture average. 

(12) Gain in economy by re-heating steam in receivers of triple 
engines. 

(13) Comparison between cylinder losses in compound engines 
with and without receiver. 

(14) Determination of piston acceleration of triple expansio 
duplex pumps. 


|. 


il 
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(15) Variation of m. e. p. and economy with load in gas engine. 
Variation of m. e. p. and economy with point of ignition. 
Variation of m. e. p. and economy with mixture. 
Variation of m. e. p. and economy with back pressure. 
Variation of m. e. p. and economy withjacket temperature. 

(16) Gain in economy of two stage air compression by inter- 
cooling over non-cooling. 

(17) Variation of capacity of steam traps with initial and back- 
pressure. 

(18) Variation of turning effort of engine with load. 

(19) Variation of efficiency of steam boilers with capacity and 
rate of combustion. 

17. To sum up the situation discussed, there are different 
methods of executing laboratory instruction in engineering 
schools, and these range from the complete written-instructions 
method, which might be carried out by any intelligent man, to the 
pure research method, in which a problem is assigned and no as- 
sistance given for solution except facilities of laboratory and li- 
brary. Equipment for such laboratory instruction is also quite 
various in kind and excellence, but on the average represents 
large outlays of money for installation and maintenance. 

18. It is difficult to see how all the schools with variety of appa- 
ratus and method of using the same can accomplish the same ends, 
and it may be that much of our apparatus is useless, as charged 
by some English critics. From the discussion, however, it does 
seem that the aim of the instruction, or the object to be attained 
in the student, may justify both method and apparatus, and that 
old, worn or small pieces will suffice when the aim is to teach 
the commercial tests, in which case also the complete printed 
report form is satisfactory. When, however, it is the aim of the 
instruction to make useful engineers, in the highest sense, by 
sending out bold and clear-thinking men, well equipped with the 
fundamental principles and their application, then the modified 
research method in some form is absolutely necessary. In this 
ease the great range of problems and variety of the scientific 
foundation material make the most complete laboratory, none too 
good nor need any part of it lie idle for want of usefulness. 


[ 
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DISCUSSION, 


Mr. A, Pement.—This is a paper of the greatest importance, 
and Doctor Lucke has certainly performed a valuable service in 
bringing this matter before the society. Educators would prob- 
ably deny the broad assertion that the tendency in an important 
measure aims toward an effort to supply the student with a 
stock of ready made information which, with slight modification, 
may be employed to settle problems as they are presented, rather 
than to educate in the broader and proper sense, and there prob- 
ably is more truth in this than we realize. 

It is certainly more important to develop in the student the 
ability for clear and correct thinking and method for analysis, 
than to supply him with a store of information and a limited 
amount of experience which can have no exact application in 
subsequent practice. 

It is no doubt true that many colleges are expending funds for 
elaborate laboratory equipment which could be more profitably 
employed for better and more extended instruction. There is 
probably a greater competition among American colleges toward 
the acquisition of laboratory equipment than for excellence in 
teaching method, and I suppose it is easier to obtain funds for 
new apparatus than for proper increase of professors’ salaries or 
for additional instructors or assistants. I have known of an ex- 
pensive instrument being consigned to the lumber room, simply 
to make place for a different form which served the same pur- 
pose, when additional expenditure for the instructing force was 
very much needed. 

It is my opinion that the development of research method, not 
only for instruction but in subsequent practice is of the very 
createst importance for successful engineering work, and as Doc- 
tor Lucke desires expression of opinion, I endorse his argument. 

Mr. Hugo Diemer—In considering what should be the fune- 
tion of laboratory courses in engineering schools, the broad view 


is the one which considers not only such courses as they are given 
at the very best of American technical colleges, but of the work 
as conducted in the average engineering school. The broad view 
will also consider the function of the engineering laboratory as 
part of the training, not only of young men who are to become 
professional consultants, but also of the average technical gradu- 
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ate, who fills a salaried position in some industrial enterprise. It 
must always be borne in mind that the percentage of really bril- 
liant men with creative ability is not much greater among those 
who have been fortunate enough to secure a technical education 
than among the average run of mankind. 

My own experience in employing technical graduates has been 
that our foreign critics are justified in their belief that there is 
a certain lack of thoroughness in the work of the average young 
graduate and a tendency to superficiality. I believe the main 
eause for this is the fact that the average engineering schoo! 
crowds its students too much, and the students’ tendency is to turn 
in any kind of work so long as it is good enough to be accepted, 
beeause he cannot do all that is demanded of him and do it all well. 

The average student realizes while in college that it is well nigh 
impossible to do thoroughly and conscientiously all that is asked 
of him, and in most colleges it is not expected that he will do 
thoroughly what is asked of him. 

This crowding, when applied to laboratory courses, is likely to 
be particularly harmful. Instructors, in their anxiety to make 4 
good display with competing schools, are apt to set a section of 
students to work at thermal analyses of steam and gas engines 
with insufficient preliminary laboratory preparation. Before such 
analyses are undertaken the student should be completely con- 
versant with every mechanical detail of the apparatus he is test- 
ing and the instruments he is using in making the test, and such 
familiarity requires far more time in actual laboratory work than 
is usually assigned in engineering schools. 

The artificial atmosphere of the School of Arts in the averag 
university is apt to spread to the engineering school, and affords 
the temptation to the instructor to conduct his classes premature] 
into ultra-scientific and abstruse fields. As a consequence hi 
will have them undertake work which, while offering opportunitic- 
for thoroughness and development of individuality, are beyond 
the capacity of mind or physical endurance of the average student. 
There are many homely, plebeian experiments that are within th: 
student’s capacity which will develop his thoroughness and in 
dividuality just as well as these higher and more abstruse an‘ 
elaborate works, which should not be undertaken before a thor 
ough foundation has been laid for them. The fact that a studen 
has been one of a group who have filled out blanks for a therma! 
analysis in no way relieves him of the responsibility of being abl: 
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to set a valve, to adjust a governor, to regulate a carburetor, or to 
find a knock or leak. 

The permanent results gained for the student are apt to be 
much better with experiments that are not elaborate. This is true 
not only of the thermodynamic laboratory, but of the work done 
in the machine shop. Time is well spent in turning out nothing 
but wasters or useless pieces of metal if, during the process of 
metal removing, the student learns all about the construction and 
operation of the machine tool and the cutting tool, including the 
limits of speed and feed and a study of the effects of different 
materials on cutting tools, the effects of varying shapes and angles 
of cutting tools, ete. The machine shop should be a laboratory 
of research and not a manual training school when it is made part 
of the work of technical colleges of university grade. With prop- 
erly educated and properly paid instructors in charge of the shop- 
work, the university machine shop can be made a research labora- 
tory. At the same time it ean well be, without any stigma 
whatever, a training school for those who will go into manufae- 
turing work. 

A student need be none the less prepared with general princi- 
ples if his shop-work has given him some idea of the proper times 
in which work should be done, or the best types of modern tools 
with which work should be done. His work in machine design 
can be just as effective if it includes the harmonizing of design 
with economical manufacturing processes. 

And in order that the student may get this kind of training, 
his instructor must know commercial practice. The best law 
schools and medical schools would not think of employing instruc- 
tors who had not had experience as practitioners. The director 
of a university machine shop should be a man with the capacity 
and receiving the salary of a good works manager. There will be 
no danger that a broad-minded man with such capacity would eon- 
vert his department into a sort of elementary business college, as 
is so often feared by pedagogues. 

An experienced practitioner would realize the limitations of 
students and would know what elementary principles needed 
emphasizing. He would lay more stress on elaborate imitation 
of so-ealled standard commercial tests than is apt to be laid on 
them by the non-practitioner. The experienced practitioner would 
care little whether his laboratory courses conformed in every de- 
tail to those given in some other school. If he were the right sort 
he would blaze his own trail. 


“ 
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A recent contributor to an engineering publication told of how 
he was conducted through the “ shops ” of an engineering school, 
where he saw boys at lathes “ nibbling” off bits of metal from 
nameless and aimless iron castings, and the head of the depart- 
ment gave very vague and evasive replies to the visitor’s pertinent 
and practical questions. The contributor’s indictment is not fair 
to make in a general way, since it does not apply at all to our 
high grade engineering schools. Among the colleges and univer- 
sities that cannot be placed in the first rank, however, and par- 
ticularly among those located in small towns removed from the 
living accomplishments and contact of engineers, we may still find 
many examples of the old-time practice of putting a professor who 
has originally taught mathematics or “ pure” science in charge 
of engineering. Where such selections are made beeause of the 
financial inability to engage men with broad fundamental train- 
ing and actual engineering experience, it would have been better 
not to attempt to establish an engineering department. There is, 
however, another reason for such appointments, namely, an echo 
of the Oxford spirit, which cannot conceive of practical engineers 
having broad interests. In colleges of such isolated locations one 
finds professional men of excellent accomplishments in their own 
line, who have a deep-seated social prejudice against any delving 
into the actualities of manufacture, and this prejudice takes form 
in a belief that an engineer is not sufficiently appreciative of the 
importance of fundamental principles. Several of these good men 
have expressed surprise that I should find pleasure in my moments 
of relaxation in reading what they themselves considered good 
non-technical literature, and I have always felt that they had a 
suspicion that I held the book upside down when I read it. The 
academic atmosphere and artificial view of life permeating univer- 
sities is creative of the sentiment that makes important the 
preservation of those fields of investigation which do not enter 
into everyday life. This atmosphere and spirit will account for 
university authorities considering it more desirable to have full 
professorships of Greek History and Cryptogamie Botany than 
of engineering. An investigation of State university and college 
catalogues reveals that, whereas the colleges of arts and the 
schools of medicine and law are supplied with an abundance of 
full professorships, the technical branches of engineering are, in 
many prosperous schools, assigned to men ranking as instructors 
and assistant or associate professors, although acting as heads of 
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their respective departments. This in face of the fact that in 
these same schools the number of students taking engineering 
outnumber those of any other courses. One reason for this failure 
to recognize the needs of engineering is the fact that engineers do 
not take the part in publie life that is taken by lawyers, physicians 
and farmers. The “ Grange” and Agricultural Society keeps in 
close touch with the State Agricultural College. While the 
farmer keeps his eye on his representative, the busy city engineer 
seldom seeks to interest lawmakers in providing for the engineer- 
ing departments of these agricultural colleges, which have great 
possibilities as American polytechnic schools in the true sense of 
the word. Similarly, when appropriations and distributions are 
made for State universities, we find Bar Associations, Medical So- 
cieties and Editorial Conventions taking active part in seeing that 
their charges are properly fostered, while the engineers are never 
heard from. 

For the good of the community, as well as the good of the pro- 
fession and the rising generation, the engineer must become more 
of a factor in public life, and this very subject under discussion 
should be one of interest to practicing engineers and be given more 
thought and attention than it has been receiving from them. 

Prof. Arthur L. Williston.—I think the subject of this paper is 
one which is of interest, not alone to the teaching members of our 
fraternity, but to all the members of the Society for the experi- 
mental laboratory work, better perhaps than any other part of 
the courses planned for the education of engineers, may be made 
to give to the student a clear and definite idea of the true char- 
acter of engineering and the kind of problems that the modern 
engineer meets daily in his work—and we are all interested in 
having the young men who are about to take up their professions 
start in on their life work with a right conception of its nature. 
I, therefore, want to express my appreciation of the clear and 
forceful way in which the writer of this paper has pointed out to 
us some of the very grave changes of certain methods of conduct- 
ing such work; and has held up an ideal toward which all who 
have charge of experimental laboratories should strive. 

It seems to me that the type of work which the author so justly 
characterizes as the “ Laboratory report blank,” “ Commercial 
Test,” cut and dried kind of laboratory instruction—which is, 
unfortunately, still so common 


has no place in a progressive 
engineering school to-day. Conditions have changed during the 
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last twenty or thirty years and the field of mechanical engineering 
has wonderfully expanded. The making of efficiency tests consti- 
tutes but a very small, almost insignificant, part of the engincer- 
ing work of the present time. By far the largest part of the 
graduates of the engineering schools enter manufacturing in one 
‘apacity or another, and the demand is for men, as Dr. Lucke 
says, who are “ trained to do and to think,” and not for men who 
are drilled in the proper form in which to make efficiency test 
reports. The students in the laboratory should rather be im- 
pressed with the almost infinite number of things that they need 
to find out about the various pieces of apparatus. 

In his main thought I am in hearty sympathy with the author, 
and in substance I believe I am all the way through. In one 
particular, however, I think he has been somewhat unfortunate. 
The term used to describe what he considers the better laboratory 
method—+research—is likely to be misleading. The other term 
which he uses svnonymously with it later in the paper, ‘ Sueces- 
sive Problem Solution,” expresses the idea of small pieces of work 
which will give training in both doing and thinking and which 
may be simple enough for undergraduate students. This is more 
suitable than the term research, which is apt to be associated with 
advanced and somewhat elaborate scientifie investigations. Also 
the author gives the impression that a more extensive equipment 
is needed for the type of work that he advocates than is required 
for the other kind of work. To this I cannot agree. Plenty of 
equipment is of course desirable, but the “ problem” method is 
superior to the “ test” method with the most meager equipment. 
Even though there is nothing but a worn-out slide valve engine, 

_the problem of finding out how much conditions will be improved 
if the valve is carefully scraped to a bearing on its seat will prove 
of more value than an efficiency test on the same engine. 

Prof. D. S. Jacobus.—I am heartily in sympathy with the ideas 
brought out by the author of the paper, and I wish to congratulate 
Professor Hutton for coining such a fitting expression as “ the cook 
book method.”* For a number of years I have contended that 
there can be too complete a system of working notes and blanks in 
a laboratory course. If a system of laboratory blanks are very 


* Dr. Lucke’s paper was presented by Prof. Hutton, who said that he has 
designated that system of instruction where the students can follow notes so 
closely in their laboratory course that they do not have to think for themselves 
as ‘‘ the cook book method.” 
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complete they relieve the instructors of much work, but the 
students may not derive as much good from the course as they 
would with less complete blanks and more individual instruction. 
Of course there may be too little system in the notes as well as too 
much, but of the two evils [ would rather see too little than too 
much. 

For a number of years instruction in the experimental field has 
been my specialty—tirst as assistant to Professor Denton, who 
was the originator of a systematic course of such work in con- 
nection with mechanical engineering instruction, and later as head 
of the Carnegie Laboratory of Engineering at Stevens Institute. 
I have tried a number of different methods and watched the re- 
sults. We have had too much system as well as too little; in faet 
the printed report blank given as a sample of the extreme to 
which such a system may be carried is similar to a blank, now 
disearded, which was used in our work. An incorrect conception 
of such blanks may, however, be obtained if the entire collection is 
not examined and the conditions under which they are employed 
are not known. Naturally at first we started with no particular 
system, and a great many of the older graduates now come back to 
us and say, * Well, your fine equipment is all very nice, but I do 
not think the students get as much out of it as we did in the old 
days when we worked in the dark basement of the main building.” 
At that time nearly all of the instruction was given individually, 
and but few blanks were used, so that in working out the results 
the students had necessarily to become acquainted with the methods 
before making any computations. On the other hand, I feel that 
the boys of to-day will probably say much the same thing to the 
men of some other classes later on, for there is always a certain 
romance in looking back on the work done in our younger days, 
and this may make what appears ordinary to us at the time seem 
of much greater value as we look back on it in the light of later 
experience. 

Now let me tell you what has been built up in the way of a 
course at the Stevens Institute. We believe in system, but, as I 
have said, not too much of it. We now start a class on work 
where they are made to follow a rigid system of instruction. In 
the lecture room we give demonstrations with full-size machines 
and apparatus. For example, if we are going to test steam-engine 
indicators, the class meets for a lecture, where we explain the 
method, tell why it is the best method and how errors may be in- 
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volved by using other methods. The students then go to the 
laboratory and make tests of indicators, handling the apparatus 
themselves and reporting the results. 

After the students go through a preliminary training in this 
sort of work they are assigned different problems on various ma- 
chines. Here a mistake may be made in making the problems too 
ditticult. The boys will not remember all they do, and by repeat- 
ing certain steps where they are thrown upon their own respon- 
sibility, they are bound to find that there is something which they 
did not appreciate at first. So we assign to the students com- 
paratively simple problems and allow them to work them out by 
themselves, and require them to present a report on the methods 
employed and the results obtained. The reports are scrutinized 
very carefully by the instructors, and we aim to make the students 
present a report in good English of the general type they should 
later on, if required to present a report on the results of their work, 
to a concern by which they are employed. 

I think this method is the best one—that is, first to give the 
principles in a systematic course, and then throw the students on 
their own responsibility in applying them. 

The problems assigned, where the students are thrown upon 
their own responsibility, are not in the nature of research work, 
and in the regular part of the course cannot be made of this class, 
because where the men are learning they are bound to make mis- 
takes, and by the time they would become sutticiently drilled in 
securing exact data for some special work there would be no more 
time available for completing it. This applies to the regular 
course in experimental work, and not to that part of the course 
assigned near the end of the senior year to thesis work, where 
problems in research work may be undertaken by the students 
should they so desire. In the regular course of experimental work 
we simply assign the students special tests, and when they are 
left to their own responsibility we find that they are apt to make 
a great many mistakes, and in correcting these mistakes they gain 
a corresponding amount of information. 

There is one feature which I think is particularly important in 
this work. This is the examination of the note books in which 
the original test data are entered. At one time we furnished data 
blanks to be filled out, but now we make the students use a stand- 
ard form of note book in which they write out their own headings 
and rule up tables for the data in the same way they would in 
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practical work. As soon as a group of students complete a test, 
and before leaving the ground, we require each man to work out 
the principal results without the use of any notes or instructions 
other than those given verbally by the instructor. No very great 
refinement is required in this work, because ordinarily there is 
not enough time available, but the men are required to work out 
the principal results with reasonable accuracy directly in the note 
hooks containing the original data, and they are made to under- 
stand the methods employed. These original notes are examined 
by the instructors so that each man’s work is carefully followed. 

After having worked out the principal results in the original 
note books, the students report in the computation room and pre- 
pare a final report. Here we make use of the forms given in the 
reports of various committees of this Society. We have in some 
eases reproduced the blank tables, and also have bound copies of 
the complete reports for reference. The blank tables are used for 
some of the tests, whereas in others the students prepare their own 
tables. 

To sum up the whole matter, I believe in system in this sort 
of work, but not too much of it, and I think that phrase coined 
hy Protessor Ilutton, “ the cook book method,” expresses very well 
what I have contended is the wrong way to teach experimental 
work in an engineering school. 

Mr. H. H. Suplee.—I had the opportunity of diseussing this 
subject two or three years ago with Professor Unwin, in London, 
and he called attention to the fact that what Professor Hutton has 
called * the cook book method ” ean be carried too far. He ex- 
pressed himself as rather opposed to the use of too many forms and 
codes in actual engineering practice in testing, partly because it 
enabled a man who was really not competent to fill out what looked 
like a respectable report without doing much real work, and also 
because a competent engineer was often turned away from dis- 
cussing original phenomena which he might otherwise make the 
leading features of his report. He believed that we were eodify- 
ing and cataloguing our methods of engineering education too 
much to get the best results. 

Dr. Lucke speaks of the criticisms of some of our foreign visi- 
tors, but I think these were practically all Englishmen, and I 
wish to say a word about the continental engineering laboratories. 
I think some of them are quite as well equipped as those we have, 
and the original research method there seems to be carried further 
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than in this country. Any one will see this in the fine laboratory 
of Professor Stodola, at Ziirich, and in the great laboratories at 
Charlottenburg, as well as in the laboratory of Professor Schriter, 
at Munich. The professors there spend a part of their time in 
original research, investigating scientific and engineering phe- 
nomena which really need to be found out for the benefit of the 
profession, and they use their students as assistants. It seems to 
me that it is a waste of some of our very magnificent equipments 
in our laboratories if they are not used in making original con- 
tributions to the work of the profession. 

Dr. Lucke.*—The diseussion of this paper by the members of 
the Society has brought out the very gratifying fact that the 
methods advocated in the paper are not only appreciated as proper 
ones, but are actually in use in more than one institution. The 
broad general principle may of course be varied in detail almost 
infinitely without detracting from the value of the instruction. 
Such variations are necessary to meet the needs of the different 
institutions. It seems probable that the old method, referred to 
by Professor Hutton as the “cook book method,” will before 
long be abandoned in all of the first-class schools of technology, 
and in its place will be found instruction leading to “ how to do 
things,” rather than instruction which seeks to fix in the memory 
a large number of facts. 


* Author's Closure, under the Rules. 
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THE MICROSTRUCTURE AND FRICTIONAL CHARAC- 
TERISTICS IN BEARING METALS. 


BY MELVIN PRICE, LINCOLN, NEB. 


(Associate Member of the Society.) 


1. The investigation here recorded was carried out in the 
laboratories of the department of Mechanical Engineering and 
the department of Metallurgy at Columbia University. The main 
questions considered were: (1) The law of variation of the 
amount of friction with the velocity of sliding, other conditions , 
remaining constant. (2) The theory of Charpy and others re- 
garding the function of the hard grains and of the plastic ground 
mass in the microstructure of alloys. (3) The theory of Pro- 
fessor Goodman, which received the credence of Prof. W. C. 
Roberts-Austen, the eminent metallurgist, which theory related 
to the effect produced by elements of high atomie volume as dis- 
tinguished from the effect of those of low atomie volume in bear- 
ing alloys. 

2. legarding the first of these questions, in the earlier years 
of the last century, Morin made many observations which he 
interpreted to mean that the force of friction is independent of 
velocity. Many later investigators have made determinations 
which they interpret to mean that Morin’s conclusion could not 
have been correct, and some have attempted to replace Morin’s 
law of independence of velocity by a law in which the whole 
range of ordinary working speeds is divided into three or more 
gradations, each of which has a separate characteristic regarding 
speed-friction variation. 

3. The theory of Charpy evolved through an investigation of 
the metallurgy of a number of alloys belonging to the types 
commonly noticed in use in machine practice for bearings was 


* Presented at the Scranton meeting (June, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the Jransac- 
tions. 
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that the friction of hard substances was less than that of soft ones, 
and that, therefore, the hard grains in alloys supported the load 
and contributed to the alloy whatever anti-friction quality it pos- 
sessed, while the plastic ground mass in which the hard crystals 
were embedded served to allow the bearing step to mould itself 
around the shaft, producing a better fit. It is clear from his ac- 
count that his conclusion is not based upon frictional tests. He 
attempted to differentiate between the metals from this standpoint 
by using the apparatus devised by Le Chatelier. But after many 
trials they concluded that with the apparatus at hand absolutely no 
difference could be detected between the resistances of alloys 
when lubricated, even when such alloys differed widely as to 
physical properties and microstructure, and that there was no 
certain difference when run in the dry state. Charpy then pro- 
ceeded to examine a number of industrial bearing alloys from a 
metallurgical standpoint, supplementing the investigation by a 
number of compressive tests. The impression left with the reader 
of his paper is that he believed himself able to justify the use of 
these industrial alloys (which had been empirically developed) by 
assuming that the hard isolated crystals of chemically combined 
metals found in the microstructure, were the factors essential for 
the support of the load, and that being hard substances their fric- 
tion was less than that of the soft matrix, the plastic property of 
which matrix as exhibited in his compressive tests completed the 
justification for the use of such alloys. . 

4, Goodman’s announcement was to the effect that whenever 
a bearing alloy supposed nominally to contain the ordinary pure 
metals commonly used for such purposes had added to it a third 
constituent, the friction was raised or lowered in value aceording 
as the added constituent was of low or high atomie volume. In a 
discussion at a meeting of the Institution of Mechanical Engineers, 
April, 1895, Professor Goodman is quoted as having early noticed 
great differences in the resistance of alloys which in tentative an- 
alyses had shown practically identical compositions. Further and 
more complete analyses, however, showed minute quantities of im- 
purities. Going deeper it was found that when these impurities 
were elements of low atomic volume the resistance was increased, 
but when of high atomic volume the reverse kind of performance 
was observed. After much experimenting, he generalized by es- 
tablishing as a “law” that a good bearing metal must have at 
least one constituent of high atomic volume, or in words, regard- 
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ing his investigation, “ it showed indeed clearly the importance of 
getting absolute purity in metals used for antifriction alloys, that 
is purity at least in the sense of keeping out metals of small atomie 
volume.” 

5. Laws of friction—The laws of friction as announced by 
Morin were as follows: 

(1) The friction between two bodies is directly proportioned to 
the pressure, t.e., the coeflicient is constant for all pressures. 

(2) The coefticient and amount of friction, pressure being the 
same, is independent of the areas in contact. 

(3) The ecoetticient of friction is independent of velocity, 
although static friction (friction of rest) is greater than friction 
of motion. 

6. In direct contrast with the above, we tind the modern beliefs 
regarding frictional behavior stated by Mr. John Goodman in a 
review of the results obtained from the testing machines of 
Thurston, Tower, and Stroudley, as follows: 

(1) The coefficient of friction for moderate pressures and 
speeds varies approximately inversely, as the normal pressure. 

(2) The frictional resistance varies as the area in contact, the 

normal pressure remaining constant. 
(3) At very low journal speeds the eoefticient of friction is 
abnormally high; but as the speed of sliding increases from about 
10 to 100 ft. per min. the friction diminishes, and again rises 
when that speed is exceeded, varying approximately as the square 
root of the speed. 

7. In support of the former laws, deduced by M. Morin, there 
is the work of Coulomb and that of Rennie, and of others less 
notable. Morin’s work itself is so extensive as to be pretty con- 
vincing, his three Mémo¢res containing no less than 178 series of 
not a few cases each, the experiments having been performed 
under varying conditions of material, area of contact, pressure, 
velocity, rest, retarded movement, accelerated movement, uniform 
movement, lubrication, ete. The apparatus by means of which 
Morin’s laws were obtained consisted essentially of a traineau, or 
sled, whose performance upon a rectilinear track was studied. 

Latterly we have seen for the friction test various contrivances, 
nearly all of which differ radically from the ingenious mode of 
Morin. Rotative devices are now the most commonly used. In 
these the moment of the friction is usually measured directly. 
By means of a rather good machine of the latter type Mr. Beau- 


t 


672 MICROSTRUCTURE AND FRICTION IN BEARING METALS. 


champ Tower has given to us the results which perhaps form the 
best basis for a law of friction of which we now have knowledge. 
These seem to establish a relation between the force of friction 
and the area in contact. The following figures, due to John 
Goodman, from Tower’s results, were taken from Kent’s Pocket- 


book: 


Load in pounds per 

sq. In........... 529 468 415 310 258 205 153 100 
Frictional resistance 

Ms . 416 498 472 464 438 .43 458 .45 


Thus if we let 
A = area in contact. 
== total normal pressure. 
= total resistance to sliding. 
= normal stress. 


= constant, although p is a variable. 


8. Recognizing the obvious fact that no two surfaces when 
placed into contact can be conceived to fit exactly except in case 
the normal pressure is made great enough to overcome the ten- 
dency toward point, or small area contact, and ealling the total 
area of the smaller surface the apparent area, and the summation 
of all small areas actually touching the real area, we may adopt 
the following further symbols: 


A = apparent area in contact. 
A’= real area in contact. 


p = apparent stress over area. 
= real stress over area. 
=coefticient of friction. 


9. Now suppose a uniformly distributed load be applied to the 
upper body: then probably the elastic material of this body will 
deflect so as to place greater area into coincidence. A question 
which cannot be answered with certainty because of incomplete 
knowledge of initial internal stresses, unequal rigidities, ete., is as 
to how the real area of contact varies with the total pressure on a 
body. But, makmg the simplest assumption consistent with 
facts, let us say that A’ varies directly as P. Now p’A’=P, so 
that the above assumption leads to making p’, the mean stress 
over the actual tangent area, a constant quantity. From the 


MICROSTRUCTURE AND FRICTION IN BEARING METALS. 673 


fundamental definition we have, / = ,P, and dividing by A’ we 
get 
F 


in which p’ is a constant quantity by our hypothesis. 

10. It is probably quite reasonable to assume that in the ex- 
periments of Tower the real areas were very closely equal to the 
apparent ones, since the above quoted results agree very well and, 
in fact, everywhere his work is consistent. But he obtained (= 


aconstant. If A in his case he put == A’, then his results may be 


A 
So that if we keep increasing the normal pressure P from a small 
value upward, A’ will increase proportionally, by hypothesis, until 
it approaches very nearly the apparent area A. But below the 


7 


latter critical value we have p’ = constant, and - {7 constant, the 


former by hypothesis and the latter by Tower. In the expression 


applied to our present question, and we may put —,= constant. 


we must then have 
= constant 


up to the critical point where A’ = A, although we have been 
varying the applied pressure P. If # = constant within this 


range, remembering that F = pJ’, we have the friction varying 
directly as the pressure P within the range of varying contact, 
provided Tower’s conclusions are correct in experiments conceived 


to have been carried out wholly above and outside that range. If 
> 


prs the apparent stress it is seen, since P = pA = p’A’, A’ 
is always less than A, and consequently p’ always greater than p 
except at and above the critical point where A’ =A and p’ = p. 
11. It is thus seen that there may be a well-defined condition 
where the foree of friction varies directly as the total pressure; 
with a constant apparent area, directly also as the apparent stress. 
But this is the first law of Morin. 
12. The latter’s law regarding contact areas is more difficult to 
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account for. If, for instance, we could write, when the apparent 
surface was arbitrarily varied, 
A’=K,A 
where A,=a constant. Then still adhering to {7 = constant, 


and reckoning that ? =a constant, we should have 


F= 

constant = K,, 
K,A' 

P - = h;A, 


or varies as the apparent area of contact surface where Morin 
often repeated - Independant de etendue de la surface de contact.” 
But we must remember that we are still under the hypothesis 
applying to low pressures, below the eritical point, at which real 
contact area becomes equal to apparent contact area, and that 
under such conditions the contact is very likely to be that of 
points rather than areas. Now since three points of such contact 
may stably support a body on a surface, it is in such cases ex- 
tremely unlikely that A’ = AA, as it was above assumed. Rather 
it is probable, when the apparent surface was arbitrarily varied 
in Morin’s experiments, a new set of three or more supporting 
points came into play, the small surrounding areas of which were 
not sensibly different from the corresponding areas formerly, 
under which circumstances the apparent area of contact would 
of course make no difference in the resistance. 

13. To accept the above explanation of the reasons for Morin’s 
results as they bear upon the first and second laws of friction, it 
would be essential to assume that Morin’s contact surfaces did not 
fit well. Whatever the probabilities, we may very well continue 
in this assumption when we come to examine the third law. In 
this connection the following experiment is submitted: A suitable 
shaft was loaded at its middle by mounting thereon a brass dise, 
and at each end it was properly journalled to run in half-bearings 
made of pure copper. Provision was made for lifting this rotating 
system clear of the copper bearings into contact with a moving 
belt, which imparted to the system a rapid motion of rotation. 
When the speed of rotation became as great as desired the shaft 
was lowered into contact with the copper half-bearings and the 
lift disengaged, while the system continued its rotation freely 
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except for the friction of the journals. Its performance was then 
noted carefully until it came to rest. By means of an instrument 
hereinafter described it was possible to observe the events at 
which the dise and shaft came to certain known speeds. And by 
counting the times between these events, a retardation record 
was possible. In the following table are given values of times 
in seconds during which the speed fell from a certain number of 
revolutions per second to a speed of five revolutions per second 
slower. The figures at the headline designated by VV are the 
numbers of the periods between events, reckoning the first period 
as that between the event of rest and the event at which the speed 
was five rev. per sec., ete. 

W means cleaned and lubricated. 

U means lubricated. 

Each horizontal line is a retardation reeord, and the records 
were performed in the order in which they are set down in the 
table. 

14. Undeniably, in the first portion of the table, the lengths 
of the periods—and therefore the frictional resistances—are 
nearly constant for all speeds from the high one at starting down 
to very near the point of rest. Undeniably, also, in the latter 
portion, there is a persistent lengthening of the periods 2, 3, 4, 
and 5, making the friction seem to depend upon the speed. The 
corresponding change in the conditions was manifestly one of 
mechanical fit. Toward the end of the experiment the journal 
became more and more perfectly “ worn to ” the bearing. 

15. This probably shows, with what we have shown above, that 
Morin’s laws may be explained as being those obeyed by bodies 
in contact only at small point areas whereat they mesh deeply: 
that the modern laws are obeyed by bodies in better mechanical 
contact, but meshing less deeply. 

16. So far it has been shown that, contrary to the announee- 
ment made by M. Morin, the resistance may not always be inde- 
pendent of velocity. We shall now turn to an investigation carried 
forward for the purpose of finding out whether or not there is a 
definite law of dependence, such as the one quoted above, or 
whether the variation appears as characteristic of the given 
material. 

17. A number of alloys were made and ingots cast into bars of 
suitable shape, from which sections were cut, polished and ex- 
amined with the microscope. Suitable half-bearings were then 
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prepared for the testing machine, and from these the frictional 
retardation curves were obtained. The following method was 
used for observing the manner in which the friction varied with 
the speed: 

18. From the consideration of some of the difficulties with the 
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methods of Thurston, Tower, Denton, Wellington, and Chatelier, 
and of the great differences noted in the results from them, con- 
sidered as absolute measurements, together with what was noticed 
in the microscopic examinations of bearings which had been some 
time in operation, the writer was led to seek a solution of the 
questions of friction through other means. That which had been 
observed by others, indeed, that which might have been accepted 
as the truth merely by process of deduction from probability, was 
confirmed upon examination of a large “ white-metal” bearing 
which had been some time in operation in an ordinary shop situa- 
tion. In this ease the original longitudinal markings made in fit- 
ting the journal were visible over the greater portion of the 
evlindrical surface of the white-metal step. Indeed the very 
smooth portions, together with those where abrasion had occurred, 
indicating places where the journal had actually touched the bear- 
ing, in metallie contact, comprised an area not greater than 2 per 
cent. of the whole surface. Of this small percentage a large por- 
tion was plainly due to the abnormal presence of dust or grit, these 
places being near the ends: so that the really smooth-worn area, 
situated further inward, was a very small fraction of the appar- 
ent area in contact. To be fair, it should be said that a second, 
smaller bearing examined exhibited indications of a much greater 
area as having been touched by the journal. But in this latter 
case the markings showed great furrows, due to abrasion and to 
le further fact that the journal was very untrue, exhibiting 
irregularities, errors of machining. It was not thought that this 
latter investigation controverted the obvious fact deducible from 
the former, viz., in practice, and therefore in machines designed 
to measure the force of friction, which imitate practical condi- 
tions, great uncertainty must exist as to the real area of the con- 
tact surface. If, then, any law of friction depended upon this 
area, its truth or falsity could hardly be demonstrated by means 
of an ordinary practical bearing. 

19. It oceurred to the writer to attempt to measure the force 
of friction by means of the retardation it produced in the speed of 
a rotating shaft loaded by having mounted concentrically upon it 
i heavy dise, when the rotation was subjected to no appreciable re- 
tarding or other force except the friction of the two journals, at the 
shaft ends, in simple half (or less) bearing steps (see Fig. 239). 
For observing the fall in speed an instrument due to Mr. F. TL. 
Ball, Jr., which may be called the vibrating tachometer (Fig. 240), 
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was employed. The latter consists essentially of a long stiff steel 
bar, fixed at one end, horizontally, and made to tremble by means 
of an instantaneous contact electro-magnetic arrangement similar 
to that employed in electric bells. At the free end is attached to 
the bar, in a vertical plane, a screen containing a narrow horizontal 
slot. When stationary, this slot Just opposes an exactly similar one 
cut in a stationary screen fixed in the vertical plane, parallel] and 


239. 


very near to the sereen earried by the vibrating bar. When the 
movable screen is set vibrating at a sufficiently high frequeney an) 
recurring or cyclic motion observed through the stationary screen 
will exhibit at successive distinct instants of time the particular 
phases of its action which are occurring when the vibrating and 
stationary screens are opposed. It follows that if the frequenc: 
of the vibration is equal to that of the cycle observed, the summa- 
tion of all the effects upon the eye will give a vision of the system 
whose cycle is being observed, which is that of the system when 
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stationary. The same sort of vision will be observed when the re- 
currence of the system has a frequency any whole number of 
times as great as that of the vibrating screen, within the power 
of the eye to recognize form, stationary, produced by successive 
instantaneous images at some interval of time apart when dis- 
turbed by visions of the same form in motion during those inter- 
vals. Also, in case the eyele observed is symmetrical and certain 
portions superposable to fit upon others, then, when the system 
recurs at other frequencies than any of those mentioned above, 
similar images will be visible, due to instantaneous superposition 
of like phases. Lastly, another stationary effect will be noticeable, 
in the latter case, when certain phases are partly superposed, 


240. 


recognizable from some peculiarity of figure due to the instantane- 
ously superposed images. As applied to the ease in hand, by 
specially marking the rotating disc, and noting the times between 
the recurrences of stationary images, while the motion was re- 
tarded only by friction, from a knowledge of the frequency of 
vibration of the sereen, the retardation of the motion of the 
rotating system eduld be computed. When these times were 
plotted against speeds as ordinates, the resulting curve furnished a 
graphical record of the friction throughout the performance. Let 

~ = friction angle. 

F = the force of friction at periphery of journal. 

W = weight of the rotating shaft and disc. 

K = radius of gyration of the fotating mass. 


r = radius, in feet, of the journal. 
a = linear retardation in ft. sec.” 
n = fall of speed in r.p.m. in time ¢, 
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one 
Then a= and = Wsin 9. 


The equality of moments is 


K = Fr, 


g 
30grt 


tan gy = = coefficient of friction. 


But . = slope of the retardation curve = tan a. 


The friction angle is so small that we may say 
sing =tang=u 
very nearly. Making these substitutions, we have 
= tan a, 

30gr 
or the coefficient of friction is at every point very nearly propor- 
tional to the slope of the curve. 

20. Two bearing steps were fastened to the sides of a steel 
frame supported at a convenient height. The rotating shaft was 
? inch in diameter at the middle and was cut down to } inch in 
diameter at each end where the steps were fitted. In order to 
reduce to a minimum the liability of having large apparent areas 
of contact, but small real ones, these bearing steps were cut to a 
longitudinal width of about 0.04 inch, while their cireumferen- 
tial are embraced considerably less than half of the }-inch jour- 
nal. The journal was slightly scored to permit only a small 
amount of axial motion. At the center of the shaft was mounted 
a solid brass dise 2 inch thick and 5 inches in outside diameter. 
The weight of the dise and shaft was 4.14 pounds. At a short 
distance away on each side of the dise a journal $ inch in diameter 
was cut, which ran in bearings at the ends of two arms which 
were pivoted at a short distance away to the frame of the machine. 
Attached to these a handle was provided, by means of which the 
arms could be raised, hooking their ends under the shaft in 
the journals provided, thus enabling the observer to raise the 
rotating system clear of the test bearings into contact with a mov- 
ing belt, and when at speed to set it down again upon the test 
bearings and, unhooking the arms, to allow the system to spin 
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freely, except for the friction, when its performance could be 
observed by the tachometer, suitably arranged a few feet away. 
The source of power was a small electric motor, provided with a 
switch for stopping it quickly at will; a round belt from the 
motor’s pulley traveled over a guide pulley at each end of the 
frame above mentioned. This belt ran in a horizontal direction 
an inch or so above the shaft, so that when motion was to be im- 
parted to the rotating mass, it was only necessary to hook the arms 
under it and raise it clear of the test bearings until a cireumferen- 
tial groove in the shaft engaged with the belt, setting the system 
into rotation. 

21. Alternate quadrants of the brass dise were blackened and 
the remaining two whitened. Then obviously what may be called 
a velocity “ node” would occur when its speed was such that it 
made one-half a revolution in the same time in which the screen 
made one-half oscillation; also when it made a whole revolution 
per half-oscillation; and also when it went one and one-half revo- 
lutions, ete., or nodes would occur at shaft speeds of 1, 2, 3, 4—-n 
times the frequency of oscillation. It was also possible with a 
little practice to observe the nodes at greater speeds, these being 
distinguishable from a certain appearance of uniformly gray color 
on the dise, apparently stationary, as in the case of the half-nodes. 
These oceured when the dise revolved one-fourth a cireumference 
in the same time that the sereen made a half-oscillation. 

22. Thus it was found possible to observe the change in speed 
of the dise after setting it free on the test bearings by observation 
of the times between the “ node ” events, which occurred at speeds 
which could be reckoned as some simple multiple of one-half of 
the frequency of vibration of the screen. With the favorite 
arrangement, for example, the frequency of oscillation of the bar 
was about 10 per second: so that nodes occurred at dise-speeds of 
5, 10,15, 30 .....+ revolutions per second. 


2 
23. At first it appeared that since great uncertainty must exist 
as to the amount of area really in metallic contact in large bear- 
ings, it would be well to eliminate as much of this uncertainty as 
possible by reducing the bearing area. Be it well or ill, it has been 
assumed that with smaller areas to attend to, very probably the 
apparent area would represent more nearly the frue area in con- 
tact. Hence it was decided to work with small areas. But this 
implied small normal forces and also very light resistances. Diffi- 
44 
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culty loomed up when an attempt was made to conceive apparatus 
whose own resistance would be inconsiderable enough not to effect 
very adversely any result for the friction itself. In the method 
adopted the observing apparatus was entirely detached from the 
system being observed, as was every other disturbing influence 
except the atmospheric friction, and whatever vibrations were set 
up by the spinning system itself. 

24. Another part of the work lay in the field of metallurgy. 
In that connection a number of alloys were made, in which the 
major number of the different structures which had been noticed 
might be expected to exist. A number of these were not unlike 
empirical bearing metals of commerce. These were utilized in the 
present investigation in the following manner: To a bearing alloy, 
which usually was very rich in some one of the softer metals, as 
lead, tin, aluminum, copper, ete., a third constituent would be 
added in three different proportions. The plan was first to add to 
the bearing alloy a mere trace of a third metal, which might be 
supposed to change merely the grouping of the atoms of the other 
two metals without developing any new crystalline arrangement. 
Next a somewhat larger quantity of the third constituent was 
added, which might either develop a new network arrangement of 
the two excess metals, or develop small crystals of a chemical 
compound with one of these metals. Then a still larger amount of 
the third constituent was added, which was thought would bring 
out a larger number of crystals of chemically combined metals, 
or in some other way change the microstructure. It was hoped 
in this way to obtain examples of changes effected by the presence 
of third constituents in bearing alloys which might in some meas- 
ure correspond to changes in the higher orders of asperity upon 
polished sections. 

25. Specimens of these alloys were cast in an iron mould in the 
shape of a bar $ inch x #5 inch x 4 inches, which was planed to a 
triangular cross-section, and two sides of the prism thus formed 
were polished and examined under the microscope, before etching, 
in order to make out so far as possible the harder portions, which 
then showed in relief. Then the face was etched and further ex- 
amined. 

26. For the friction test, from a bar like the one whose dimen- 
sions were given above, there were shaped two thin sliced bearings, 
of about the dimensions of the accompanying sketch, which were 
bolted to the sides of the frame of the testing apparatus above 
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described, where the bearing surface, B, supported the journals 
at the ends of the spinning shaft, and was the test surface. The 
journal was run in these bearings until it could be seen just which 
were the contact areas, and these were then taken down slightly 


t 


Melvin Price 


Fia. 241. 


with emery cloth and the journals again run upon the bearings, 
and the process repeated until, so far as could be observed, a per- 
fect fit was attained. Then the retardation curves were taken in 
the manner indicated above. 

27. At first it was believed that the true frictional characteris- 
tics of the solid materials would be best exhibited in the absence 
of unguents. But after numerous trials under such conditions, 
and also under conditions of scanty lubrication, it was decided 
that at least for the pressures and speeds commonly emploved, the 
amount of abrasion always present made it seem clear that what- 
ever results might be thus obtained would be some kind of an 
index of rupture, or inner friction, instead of resistance to sliding 
or outer friction. Now the author was well aware of the fact that 
it had often been said that the identity of the solid material was 
lost whenever flooding of the bearing was resorted to. Thurston 
seemed to believe this. Charpy had found it so, and noticing the 
destructive abrasion in the attempts where no unguent was used, 
thereupon abandoned the friction test. But Professor Goodman’s 
atomic theory was based upon tests where little or no oil was used. 
The author does not find a complete description of Goodman’s 
experiments, but his own efforts at unlubricated friction deter- 
minations have been so absolutely worthless as to make it impos- 
sible to place entire confidence in the law so obtained, notwith- 
standing Goodman’s positive statements. Accordingly, in the 
experiments here recorded the bearings were supplied with as 
much oil (mineral) as would adhere to the journals and to the test 
bearings after each one or two performances. Such efforts at giv- 
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ing the rubbing members as great an amount of the constant un- 
guent as they would * hold” constitute the whole of the efforts 
made at uniformity of conditions regarding lubrication. 

28. Difficulty at once appeared when it was desired to interpret 
the large mass of data obtained. Uniformity of results at first 
appeared among the impossibles. The friction of the bearings 
was variable; worse, it Was capricious in its behavior. However, 
as performances were repeated, great care being taken, with clean- 
liness and uniformity of lubrication, it was noticed that for a 
given metal the latterly obtained curves tended toward uniformity 
of shape, although absolute values of resistance always differed, 
sometimes only slightly, sometimes considerably. In view of 
this it was decided that certain performances should be elected 
from the masses, for each metal which should reflect most 
nearly the frictional qualities of that metal. In electing these 
performances at-least two qualifications were recognized as es- 
sential: (1) Recognizing the fact that probably abrasion caused 
the majority of the caprices above noticed, and that probably 
always abrasion increased the resistance; and feeling also a de- 
sire to find some basis of comparison of metals as to their abso- 
lute resistance, it was decided to elect performances from among 
the best for each metal, or those showing the lowest resistances. 
(2) Whenever there appeared a decided but uniform tendency 
toward some peculiarity in the variation of the resistance, it was 
decided to select those performances which emphasized these 
peculiarities most. 

29. As an example, in the case of pure copper, a complete log 
of whose performances appears above in the discussion of mechani- 
eal fit, in the latter part of the log there is noticed a decided 
tendency toward a lengthening of periods 2 and 3. The running 
times also show these performances to indicate lower resistances 
than are indicated by the first portion of the log. Hence it was 
decided to select as typical of pure copper performances from 
among those latterly tabulated. Accordingly the last two and the 
last but three were chosen. Of these, one shows decidedly lower 
resistance (greater time) during period 3; one shows practically the 
same resistance in the two periods 2 and 3, and the third shows 
slightly lower resistance in 2 than in 3. But in the last fourteen 
performances, eight have lower resistances in period 3 than in 
period 2, four show the reverse condition, and in two they are tied. 
Accordingly the last performance but seven, showing marked 
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anti-friction in 3, was chosen, it being one of the best perform- 
anees of copper. The last but thirteen was the fifth choice made, 
and in this periods 2 and 3 are tied. For the ten periods, counting 
from the point of rest, the chosen performances are set down in 
the following table: 


Time in dropping from a speed, in r. p. s. of 


| | 
50 to 45 to!' 40 to 35 to 30 to 25 to 20 to 15 to 10 to 5 to! Total. 
45 40 | 35 30 | 25 20 15 10 5 0 


10 10 | 11 11 133/15 116 |17.517.512 i133 
13.5 12.5) 11 14 14 16 (21 (30 (17 #|15 |164 
11.514.5) 15 17 20 | 21 #119 |16 {168 
114.5) 16 117.5] 21 | 25 |27 (28.5/18.5|209 
) 18 | 21 |23.5,27.531 |21 {199.5 
Number of period... 10 9 8 | 7 6 § 4 3 2 11 «(|178.3* 


* Mean of totals. 


30. It was now assumed that these were similar curves, 1.e., 
except through error, of observation or peculiarity of condition, 
they differed only in the seale of times. Accordingly they were 
reduced to the same seale in the following manner: The total 
running times for each of the five performances were found by 
adding, in each ease, the times for the ten periods. Fhe results 

re found in the table of totals. The mean of these was taken as 
a typical total and was made the basis of the reduction seale by 
which the running times for each period were modified. Thus the 
mean of totals == 178.3. Accordingly the performance was modi- 
155 164 
each horizontal line, when modified, total 178.5. The resulting 
table of modified performances is as follows: 


fied by the factor for B, and so on, making 


| 
Time in dropping from a speed in r. p. s. of 

50 to\45 40 to 35 to 30 25 tol 20 to, 15to, 10to 5t 

45 40 35 30 | * bt aca 20 15 | 10 5 | 0 
13.4)13.4)14.7 14.7) 4'20.2| 21.4) 23.4) 23.4/16.1 
[14.7)13 6/12 15.2/15.2/17.4) 22.8) 32.8) 18.5)16.3 
11 |13.9)14.4 16. 19.2|20.2) 22 27.7) 18.2)15.3 
9.913 |14.314. 1/18. 8) 21 24.7, 27.7|18.8 
97.8 110.2)132.2 112.182.2 

Number of period... .... 10 | 9 7 | 6/5] 4 3 | 2 1 


| 
i 


O86 MICROSTRUCTURE AND FRICTION IN BEARING METALS. 


31. It was now assumed that the performances, so modified by 
the scale factors, were directly comparable. Accordingly means 
were taken of running times for each period (vertical columns), 
and in the horizontal line, V, we have the result. This may be 
regarded as a mean or composite performance. It is upon this 
curve, so found, that I have depended for graphieal indication for 
the behavior of frictional resistance of pure copper. Let us see 
how it compares with the observations made above, when the 
five performances were chosen from the mass of data in the log. 
The considerations upon which these were selected areseen to be re 
flected in the composite curve: (1) The lowest resistance is noticed 
in periods 2 and 3, the very lowest in 38. The value in period 3, 
26.4 in time of running, stands well with the unmodified values. 
As a numerieal cheek, the total running time in curve VY foots 
up 177.9, slightly different from the mean of the totals 178.3, 
used as a seale basis. The difference may be attributed to neglect 
of decimals. 

32. This method was applied to all metals tested and the fol 
lowing curves plotted: 


Purr ALUMINIUM. 


Time in dropping from a speed in r. p. s. of 
Performance. | 
45 to 40 to 35 to 30 to 25 to 20 tol15 to 10 to 5 te 
40 35 30 25 20 15 ; 10 é 0 
32 |41 |47 |52 (59 [59 [34 0 16 
34 40 49 54 56 (57 35 116 
32 37 45 48 60 47 [30 32 17 
Pumaper @i period... .-....... 5) 4) 2 1 
Pure Leap. 
Time in dropping from a speed in r. p. s. of 
Performance. | | | | | 
145 to 40 to 35 to 30 to 25 to 20 to 15 to) 5 to 
| 40 | 35 | 30 | 25 | 20 | 15 | 10 5 | 0 
keke 2625 (220 29 38 | 57 [98 [53 
Number of period............... [6 |4 | 3 
| 
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180 } 
| 
160 
uj 140 
2 120 
= 
100 
80 
w 
wW 60 
40 
20 
40 80 120 160 f 200 240 280 320 aco 
Melvin Price SECONDS. 
242. 
ALUMINIUM SERIES. 
Ar. (80). Cu Mw (5 No. 1. 
lime in dropping from a speed in r. p. s. of 


Performance 


60 to 55 to 50 to 45 to 10 to 35 to 30 to 25 to 20 to 15 to 10 to 5 to 
55 yO 15 10 35 30 25 20 15 10 5 0 
IS 16 1S 20 20 3S 50 50 36 14 
23 38 49 56 (57 (39 
C 20 24 (27 |34 (38 #33 (36 
16 119 20 (23 |26 (39 |52 (51 (34 |13 
17.3 20.1 23.4 29.532.1 40.6 48.6 45.4 34.3 13.6 
Number of period. 12 11 10 9 q 5 { 3 1 
At (94.9), Cu (5) Ma (.1). No. 2. 
Time in dropping from a speed in r. p. s. of 


Performance. | 
50 to 


45 


Number of period 


10 


45 tc 1/40 to 35 to 30 to 25 to 
40 | 35 30 25 20 
3 lig 22 
17 113 20 
16 116 |15 (14 
19 19 17 14 (20 
16.419 16.315.919.1 
9 8 a 6 5 


20 to\15 tol10 to! 5 to 
5 0 


15 10 5 

24 2% | 27 16 

| 23 113 

22 96 | 21 14 

20 |18 11 

24 | 21 21 

21.324.4) 22 14.9 
2\1 


| 
| | 
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Au (90). 
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Cu (5). Ss (5). No. 


Performance. 


Time in dropping from a speed, in r. p. s. of 


45 40 


nO to 45 to 40 to 35 to 30 
35 | 30 | 


17.515.516.517.5 


..../12 [12 [13 |12 
14.3 14.9 15.114.514.6 
Number of period......... | 10; 6 


At (S84). Cu (15). 


Time in dropping fror 


Performance. 


to 25 to 20 to 15 to 10 to 


20 15 10 2 


17 113.5)15.5)14 
19.5 20.516.515.5 
14 16 19.516 
111.513.515.516 
11.516 (13.514 
14.515.916.115.3 
5 4 3 2 


Mn 2). No. 


n a speed, in r. p. s. of 


50 to 45 to 40 to 35 to 30 to 25 to 20 to 15 to 10 to 


45 40 


35 3 25 


Number of period. ......... 10 | 


20 15 10 5 


2.913 13 
2.511.51 13 
2.514.513 
4 14.516 (15.5 
5 14 14.514.5 
3.313.514 14.1 
5 + 3 2 


3. 
to 
0 
11 
12 
12 
12 
11.9 
1 
4. 

0 
12 
12 
11 
11 
13 
11.9 


THE ALUMINIUM SERIES. 
¥ 
160 _ {Al Cu Mz ¥n Sb) 
15 5 
2 o4.9 
= 5| 4 
w 
4/1 
4/8 5 1 
w 60 
40 
20 — 
35 70 105 140 175 210 245 230 315 
Melvin Price SECONDS. 
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THE TIN SERIES. 


Br (.1). Sp (10). Sw (89.9). No. 1. 
| Time in dropping from a speed, in r. p. s. of 


Performance. 


55 to 50 to 45 to 40 to 35 to 30 to 25 to 20 to 15 to 10 to 5 to 
| 5O 45 40 35 30 25 20 15 10 5 0 
20 17 17 |24 20 lao 37 iS (35 
17 |20 |20 125 |25 (383 25 |29 
21 22 |22 |26 (30 |29 #(|33 #33 (58 13 
20. 1 18.6 20.9 21.6): 24. 6 27.3. 29.8 33.7 31.739.8 36.4 
Number of Rimi sisi is | 5 2 1 
Cu (4). Sp (12). Sw (S84). No. 2. 
| Time in dropping from a speed, in r. p. s. of 
Performance. 
55 to 50 to 45 to 40 to 35 to 50 to 25 to 20 to 15 to 10 to 5 to 
50 45 40 35 30 25 20 15 10 5 0 
14 15 {20 i9 23 (28 3 37 22 
iber of period. ..... 11 10 9 Ss 7 6 5 4 3 1 
Bi (5). Cu (4). Sw (91). No. 3. 
Time in dropping from a speed, in r. p. s. of 
Performance. 
55 to 50 to 45 to 40 to 35 to 30 to 25 to 20 tol15 to!10 to 5 to 
O 45 40 35 30 25 20 15 10 5 0 
10 10 12 13 (16 |20 (23 |26 (|27 
10 O14. 314.614.8 17, 4/20 .3 21.6 26.929 .5,26.7 
5 


if 
| | 
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Br (5). Sr (10). Sw (85). 


No. 4. 


lime in dropping from a speed, in r. p. s. of 


Pott 


Performance. 
55 to 50 to 45 to 40 to 35 to 30 to 25 to 20 to 15 to 10 t 
aa) 5 40 35 30 25 wn) 15 10 5 0 
__ 9 11 11 9 10 13 14 17 20 (24 
9 7 7 Ss 5 14 23 3 (26.5 
10 13 #|18 #19 |17 |19 (24 (25 (30 26 
8.5 9.512 i2 13 17 19.523.53 
9 611 17.724. 1'27.3:25.9 
Number of period...... 11 6/5 3 2 1 
Br (.1). Cu (4). Sp (95.9). No.5 
Time in dropping from a speed, in r. 7 
Performance. 
5O to 45 to 40 to 35 te 30 to 25 to Mtoe to lO t 
sO 45 40 35 30 25 20 15 10 > 0 
\ .10 9 10 10 10 #19 27 '20 
B 12 12.5:13.513 15 17 17 16 
( 10 11 12 13 13 15 16 20 21 15 
...110 |12.510.5) 8.5) 7.5) 7.5116 (20.522.5:19 
X. .10.511.3 11.611.3 11.6 12.216.2 19.6 22.517.9 
Number of period. 10 9 Ss 7 6 3 2 l 
B 1 C1 SN OD N 
Time in dr g from a speed, r 
Performance. 
to 5O £5 to 40 to 35 30 >to ) 
ww 45 40 35 30 25 ) 15 10 
13 12 12.5:13.5:13 li 16 
B 11 14 13 15 16 19 20 23 1S 
7 10 12.510.5: 8.5) 7 7.5 16 20.522.519 
ie 13 12 12 10 13 17 IS 19 2 20.5 
11 12 13.2, 17 19.221.218 
Number of period... .. 11 10 9 6 4 3 2 l 
Br (1 Ss (10 Sw (S9 No.7 
Time in dropping from a spee r.p.s 
= ”~) to 45 to 40 35 to 30 to 25 Mt Or 
45 40 35 30 15 5 
7 9 S$ 13 17 
B 12 9 Ss 7.514 117 
® 15 14 12 13 16 10 13 19 
D ‘ ll s 10 10 12 l4e 15 2 
E. eh i 16 16 17 20 21 25 
X 9.5 11.7 11.1)11.0)11.011.513.3 14.4 15.5 21.2 
Number of period. ll 10 9 Ss 7 6 5 ay 3 2 1 
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Sp (10). Sw (S5.9). Zn (.1). No. 8. 


Time in dropping from a speed, in r. p. s. of 


Performance. 
to 50 to 45 to 40 to 35 30 te/25 to 20 to 15 to 10 to 5 to 


35 25 20 15 10 5 
A.. Ss 10 8 10 |17 
hy § 7 6 7 12 15 i8 .21 16 
1). Z 6 6 S 6 S S 9 9 16 12 
EK. 7 7 (|12 6 8 7 9 10 15 19 (15 
7 7.7| 7.5| 7.3) 8.5) 
Number of period......) 11 10 9 Ss 7 6 5 4 3 i2 l 
| 
Sp (10). Sw (S89). Zn (1). No. 9. 
Time in dropping from a speed, in r. p. s. of 
Performance 
55 to 50 to 45 to 40 to 35 to 30 to 25 to 20 to 15 to 10 to 5 to 
5O 45 4) 35 30 25 20 15 10 5 0 
Bi | 13 12 13 13 15 17 15 
b. 14 14 12 14 14 14 16 1S 16 
15 115 (15 #115 116 116 |19 
I) 15 14 15 16.515.515 17 19 (21 17 
8.515.516 15 17 '20 20 18 
14 14.914.5 14.5 14.3 14.8 15.3 17.619.017 
N imber ol period. tants 11 10 9 Ss 7 6 5 } 3 2 1 
THE SERIES 
180 
: Bi Cu Sb Sn Zn 
| 1} .1 10 89.9 
2 4 | 12/84 
Z 129} 50} 
= 95.9 
6 1 4 95 
100 T7111 10 89 
P 
| 10 89 1 
60 
’ 40 | 
| | 
| | | 9 DOW 3 2 1 
1 30 4 6 7 
Meivin Price SECON Ds. 
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MISCELLANEOUS ALLOYs. 


Ps (SO). Ss (15). 


Time in dropping from a speed, in r. p. s. of 
Performance. | | 
55 to 50 to. 45 to 40 to 35 to 30 to 25 to 20 te 


2 2 »15 to 10 to 5 to 
| 5O 45 40 35 ot 2! ; f 0 


5 


. (10). Cu (89.9). Mn (.1). 


Time in dropping from a speed, in r. p. s. of 
Performance. | 
55 to 50 to 45 to 40 to 35 to 30 to 25 to 20 te »15S to 10 te 
50 45 40 35 30 25 20 


9 |9 10 

10 10 (10 9 |! 

10 10 10 10 

9 10 (10 10.510 
8.9 9.4.9.4 9.810.010.410.210.3 9 
9 | 8|7;6] 5 4 3 2 l 


At (10). Cu (89). Mn (1). 


Time in dropping from a wank inr. p. s. of 


| 
50 to 45 tc]35 to 30 to 25 to 20 to 15 to 10 5t 
45 35 25 20 15 


2.5)12.5/12.5 10 

10 |8 

510.510 10 

110 |9.5 9 

9.3) 9.8 9.9 9. 6 9.7 9. 810. 2:10.810.5 9 
| 9 8 7 | 6 5 4/3 2 1 


| 
i! 
(5). No.1. 
| 
Number of period...... 11 | 4 
| 
| | 
No. 3. ; 
Number of period...... 11 10 
q 
No. 2 
| | 
Performance. 
155 to 
4 | 50 
$$$} 

| 


MICROSTRUCTURE AND FRICTION IN BEARING METALS. 


A (51). (75). Mn (20). 


lime in dropping from a speed, in r. p. s. of 


Performance. 
55 to 50 to 45 to 40 to 35 to 30 to 25 to 20 to lito lO to 5 to 
OD 45 10 35 30 25 20 15 10 5 0 
10 : 10 9 11 10 
9 110 |10 
9 10 #10 11 
9 10 10 11 10.5 
aoe 10 10 10 10 10 10 
9.110.1 9.7 9.5 9.9) 9.9)10.7 10.6 
9 S 7 6 5 4 3 2 


MISCELLANEOUS ALLOYS. 


Al Cu Mn Pb Sb Snr 
80 15 

10 

10 

5 


130 
Melvin Price SECONDS, 


Fig. 245. 


33. Curves showing the Variation of Frictional Resistance 
with the Speed.— Noticing Jirst the curves of the pure metals, it is 
at onee apparent that aluminum, copper and lead have similar 
speed friction variations in general, but their curves are quite 
different in detail. Generally, in all three, the resistance is high 
at high speeds, becoming less as the speed lowers, but rising again 
near the vanishing point of speed. In detail, at high speeds, there 
seems to be no striking differences, except in the amount of re- 
sistance, but at middle speeds lead exhibits faster variation than 
aluminum and copper, although it is between them in average 
amount of resistance. Between aluminum and copper the differ- 
ence noted is that the variation of aluminum is much more gradual, 
or its resistance is most nearly constant of the three. It is at the 
lower ends of the curves that the most striking differences in detail 
are noticed. The aluminum comes down abruptly when 20 ft. per 
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min, is reached, lead consumes more than three times as much 
time in coming to rest, while copper, though not so abrupt with 
reference to the other curve, is not very different from aluminum 
in actual time of coming to rest from the above mentioned speed. 

34. The resulting curves for these three metals are not at all 
similar. <A scale factor applied to any one which would make the 
total running times equal would show the other codrdinates vastly 
unequal. This has the effect of impressing us with the fact that 
the metals have frictional individualities. 

35. In the aluminum series we are first impressed by a general 
similarity at low speeds, though the abruptness differs greatly in 
degree; a similarity at middle speeds, but in this instance it is con- 
stancy and not variation; and by some peculiarities exhibited at the 
higher speeds. Curves 1 and 2 have opposite qualities at high 
speeds, while 3 and 4 are similar, constant like their middles, and 
unlike 1 and 2. May this difference be attributed to the fact that 
in 1 the third constituent is manganese and in 2 it is magnesium? 
And if so, is the fact due to abrasive conditions, or effects, or to 
some one of the orders of asperity? More will be said about this 
matter in the later discussion of results. 

36. In the tin series we have a greater variety of third con- 
stituents. At the high speed the curves differ little except in 
direction, being nearly straight lines. Nos. 2, 8 and 9 have 
noticeably reverse curvature at lower middle speeds, with the 
abrupt down-turning at very low speeds. Of these 2, which is 
Babbitt’s metal, has the gradual variation of the aluminum series. 
Nos. 8 and 9 are entirely similar, differing only in the value of the 
resistance, indicated by their slopes, and it is seen that their com- 
positions differ only in the proportions of the third constituent, 
zine. 

37. For the first time we now come across curves which exhibit 
no sign of abrupt change of resistance in passing from lower mid- 
dle to low speeds. Nos. 1, 3, 4, 5, 6 have nearly the same slopes 
throughout these low speeds. In 7 there is even a slight opposite 
or upturning tendency in contrast with the curves we have here- 
tofore examined. In the table it may be noticed that these alloys 
all contain bismuth, but in varying proportions and alloved with 
copper and tin in three instances and with antimony and tin in the 
others. 

38. Consideration of the tin series tends to confirm the belief in 
the general principle that composition determines frictional char- 
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acteristics, since the peculiar shape of curves 8 and 9 have occurred 
only when zine was a constituent and that of 1, 3, 4, 5, 6 and 7 
only when bismuth was present. Admitting that in all probability 
there is no method of measuring absolutely the frictional resist- 
ance, it may be interesting to note, nevertheless, that the only 
difference in the similar curves is one of slope, and that the only 
difference in the composition is the proportion of the third constit- 
uent. Here the third constituent may be regarded as either of the 
two low percentage constituents, so that without some discussion 
of the microstructures we may not even guess which of the two 
influences the slope. In this connection we may notice, however, 
that curves 5 and 6 coincide throughout: and that their composi- 
tions differed only in the proportion of bismuth, the percentage of 
copper being equal; while 3 and 4 have the same percentage of 
bismuth, different slopes throughout, and different third con- 
stituents, viz., Cu and Sb. Similarly for curve 6 and 7. These 
characteristics contribute toward the impression that, of the two 
low percentage constituents, one contributes the shape of the 
curve or determines its law of variation with speed, while the other 
determines the absolute value of the resistance at any given speed. 
To use a mathematical expression, one constituent determines the 
law of the variation, and the other the constants of that law. 

39. Looking at the sheet of curves taken from miscellaneous 
alloys, we have in 1 a long, sweeping curve, nearly straight at 
high speeds; more variation, but gradual, at medium speeds, and 
considerable reverse curvature at lower speeds, with a down-turn- 
ing at the lowest points. This alloy is rich in Pb. Reverting to 
the curve of pure Pb we see striking similarities. Now antimony 
and tin are the other constituents of 1. And it is thought that 
these form the chemical compound of SbSn. In the absence of 
other data we might say that probably the difference in resistance 
noted is a consequence of the presence in the alloy of grains of 
this chemical compound, which is vastly different in some physical 
properties from the Pb of the matrix. 

40. In the other three curves on the sheet marked “ Miscella- 
neous Alloys ” we have a portrait of the frictional behavior of the 
yellow alloys of aluminum and copper. Here we may regard the 
manganese as the third constituent. The curves, 2, 3 and 4, 
nearly coincide. The greater portions of 2 and 4 are straight, 
while 3 has a slight tendeney toward downward convexity. All 
have the reversal at lower middle speeds and a slight tendeney to 
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abrupt down-turning at low speeds. Curve 4 is that of an alloy 
having 20 per cent. of manganese, while in 2 and 3 the percentage 
of manganese was respectively 0.1 and 1. This makes it appear 
that in these instances the percentage of the third constituent has 
‘ had little or no effect. 

41. Microstructures.—In the writer’s laboratory at the Univer- 
sity of Nebraska, about one year after the above resistance data 
were taken, the alloys were examined with the microscope. The 
original ingots, which had been shaped into bearings for the re- 
sistance tests, were sectioned, polished with rouge and water upon 
a wheel faced with baize, etched by a light acid attack, and mag- 
nified for examination. 

42. If we are to look for confirmations in the microstructures 
of any beliefs suggested by frictional performances, we must, of 
course, neglect the effect of the year’s time which elapsed between 
the tests and the examinations which will now be recorded. It 
has been established that changes in granulation occur after solid- 
ification. It was notably established also by Roberts-Austen, in his 
gold-lead experiment, that solid solutions may be formed without 
resorting to liquifaction by heat. However, the writer made ex- 
aminations of the above alloys concomitantly with the frictional 
tests at the Columbia University laboratory, and so far as he is 
able to remember, nothing found then had vanished when the 
work was taken up a year later, although many pecularities were 
revealed in the latter examinations which did not reveal themselves 
the year before. But these, it is believed, are due to the more 
leisurely manner in which the later work in microscopy was per- 
formed. 

43. Considerable uncertainty exists regarding the chemical com- 
binations of metals. It is widely believed that SbSn exists. Also 
Cu, Sn and Sb Cu,. Indications in the work of Alder Wright have 
pointed to Bi,, Sb., CuZn., and CuZn,. In the absence of more 
reliable data, it will be assumed that some such compounds exist, 
but the atomic proportions will be omitted. Thus all compounds 
believed to exist will be designated by writing the svmbols without 
subscriptions, as SbSn, CuSn, SbCu, ete. By so doing the writer 
does not mean to subscribe to the belief that the chemical com- 
pound CuSn exists or that AlCu exists, as some profess to believe. 

44, It must also be remembered that we are here dealing with 
ternary alloys. Very great uncertainty exists as to just what hap- 
pens in a given case when three metals are melted together and, 


| 


MICROSTRUCTURE AND FRICTION IN BEARING METALS. 697 


after being mechanically mixed, allowed to freeze. The work of 
Alder Wright, as published in Prof. Roberts-Austen’s * Intro- 
duction to the Study of Metallurgy,” is not complete enough to 
throw any light upon the cases here in hand. But generally, in 
the present investigation, one of the constituents has been given 
such a small proportion of the whole mass, that the alloy may 
presumably be regarded as a binary alloy. 

45. In ideas of friction, hardness of the rubbing .members 
comes largely into evidence. And in alloys, where it is expected 
that totally different physical substances will occur side by side, it 
is the differences of hardness that we look for largely. Thus it 
interests the investigator of friction to know whether or not there 
are in a given alloy hard grains embedded in a soft matrix, or 
soft islands surrounded by a hard network, or “ gridirons ” made 
of interstratified plates, soft or hard. The author has by two 
methods only been able to draw inferences about differences of 
hardness: (1) By the use of the sclerometer. (2) By observation 
under the microscope during the operations of polishing the sur- 
faces before etching. The first kind of observation was found 
useful in the case of the “ embedded hard grain” alloys, for it 
was found easy to detect deviations in the path of the diamond 
point where it had passed around, or run over without deeply 
scratching, the hard grains. The second kind of observation was 
resorted to in a few such cases and generally confirmed the scler- 
ometer tests. In the ease of the “ hard network” allovs, relief 
polishing, by the second method, was the best resort. Whenever 
an alloy, after being polished carefully in relief, was found to 
have dark areas when examined microscopically, it was assumed 
that out of these dark areas there had been brushed a softer or 
else a weaker material. 

16. When no means was at hand of knowing what differences 
of hardness existed, it was assumed that portions of the surface 
which behaved differently when treated with acid were of different 
constitution and therefore probably differed in hardness. As an 
example, Fig. 246 shows the photomicograph of an aluminum- 
copper alloy, in which magnesium is the third constituent. Relief 
polishing gave no evidence of differences of hardness, and neither 
did the sclerometer. But when etched, large black islands formed 
on the surface. The planimeter shows that the islands constitute 
almost exactly one-half of the area. Neglecting the magnesium, 
it is evident that if this black portion is the chemical compound 
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of aluminum and copper, it must be one in which the number of 
atoms of aluminum is very great, compared with the number of 
copper atoms; in fact, the disparity is too great to admit of the 
possibility of its being composed entirely of such a compound. 
The same may be said of the white area. If the alloy is a solid 
solution of copper in aluminum, it is a very heterogeneous one, 
and marked segregation has taken place where we should expect 
the opposite under the conditions of casting (the ingot was cast 
in achill mould). It is at once seen that if either of the eutecties 
Al (67) Cu (33) or Al (46) Cu (54) had formed the area taken 
by it would not be nearly so large as one-half of the total area. 


135 
Hcl i 


Al (94) Cu(5) Mg (1) 
Fie. 246. 


47. Thus we are at sea regarding the constitution and hardness, 
though we might say, “if the constituents differ, the hardnesses 
differ.” But when we come to examine this allov in connection 
with others of similar constitution, we are somewhat enlightened. 

48. The Aluminium NSeries.—In Fig. 247 are shown the white 
alloys of copper and aluminium, resistance curves of which have 
been given above. The compositions of these differ little from 
that of Fig. 246, lately discussed, the latter being nearly the same 
as (b) of Fig. 247. But these were etched with HNO, instead of 
HCl. To illustrate more clearly the difference of appearances 
when differently etched, Fig. 248 shows (b) of Fig. 247 etched 
with HC]. The thin medial lines in the white network of Fig. 248 
are not unlike the black lines of (b) Fig. 247, and we may reason- 
ably conclude that they are the same. Something seems to have 
caused the acid to begin the attack on thealuminum ervystals at their 
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mid-points and has preserved from attack the outside portions 
near the black lines. 

49. Despite this study in etching, the decision regarding hard- 
ness is still attended with uncertainty. Before etching the pol- 
ished surfaces of the four alloys were examined microscopically. 


3h 


HNO, HNO, 


Al (80) Cu (15) Mn (5) 


(a) ib) 


HNO, 


Al (90) Cu (5) Sb (5) Al (84) Cu (15) Mn (1) 
(c) (d) 


Fic. 247. 


At first no structure appeared visible on the surfaces of (a) or 
(b), and the larger straighter markings of (¢) appeared as black 
blotches, but when (d) was put under the glass, a faint white net- 
work appeared, which corresponded closely to the black lines in 
the etched view of (d), and which appeared to be in relief. When 
the others were re-examined for this white network feature (a) 
showed very faint signs of such, but (b) did not, and the straight 
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black blotches only characterized (c). It is believed from this that 
the black crooked lines, which show in all four alloys, are of the 
harder substance (possibly AlCu), and that the straighter black 
blotches of (¢) are of a softer or weaker substance. 

50. Excepting that we may attribute the last named feature to 
the antimony in the case of (c) there is nothing but conjecture 
about the effect of the third constituents of (a), (b) and (d). They 
do not seem to assert themselves excepting in (a) and (b), the re- 
sistance performances of which differ so markedly at high speeds. 


248. 


The Tin Series.—In Fig. 249 are photomicrographs of the six 
alloys of the Tin Series which contained bismuth. All of these are 
shown by the sclerometer to have hard white erystals, embedded 
in soft matrices. These crystals are of three types. (1) Nos. a, d 
and g have square white patches, and since these alloys have goodly 
proportions of antimony it may be concluded that these are cubes 
of the compound SbSn. They seem much harder than the matrix 
which latter we must believe to be largely the pure tin. (2) Nos. 
(c) and (e) are seen to have long, white, slender patches, as well as 
small dots and chains of dots. (3) No. f has the same kind of 
small dots, but no chains or needles. The white ervstals in ec, e 
and f are harder than the matrix, so far as the writer is able to 
discover. These are probably CuSn. 

51. Referring to the curves on the sheet marked “ Tin Series,” 
it has already been remarked that all alloys containing bismuth 
had the featureless endings at the Y-axis. These curves are prac- 
tically similar, and hence there is nothing in them to reflect the 
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HNO, 233 HNO, 1 


Bi(¢.1) Sb (10) Sn (89.9) Bi (5) Cu (4) Sn (91) 


(a) (c) 


HNO, 
1 


Bi (5) Sb (10) Su (85) Bi (.1) Cu (4) Sn (95.9) 


(dy (e) 


HNO, 245 {HNO 
1 1 


Bi (1) Cu (4) Sn (95) Bi (1) Sb (10) Sn (89) 
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difference in shape and size of the crystals above remarked in the 
microstructures. 
» 


52. Below, in Fig. 250, are shown photomicrographs of the re- 
maining three alloys of the tin series. All contain white squares, 


233 135 
HNO, HCl 


Cu (4) Sb (12) Sn (84) Sb (10) Sn (89.9) Zn (.1) 
(b) (h) 


Sb (10) Sn (89) Zn (1) 
(i) 


Fre. 250. 


which we interpret to mean hard eubes of SbSn. No. (b) is Bab- 
bitt’s metal. It has white needles (presumably CuSn) in addition 
to the cubes of SbSn. Nos. h and i, which contain zine as the 
third constituent, seem to have no hard granules except those we 
have called SbSn. It is seen that with Nos. b, h and i we might 
attribute the similarity of curves h and i, and their dissimilarity 
to (b), to the difference in microstructures, viz., the absence of 
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needles and dots among the white cubes in h and i. But notice 
that i is magnified nearly doubly as high as h, and that even 
then its cubes are not nearly so large. Actually, then, the cubes 
of i are but dots compared with those of h. The size of the 
granules seems to have no reflection in the shape of the curve. 
Henee we can seareely attribute the dissimilarity of b to h and i 
to the small dots of the former. 

53. The great question is, to what shall we attribute similarities 
of curves, so that our conclusions may be confirmed by micro- 
structure. Looking at the nine curves, and the nine structures of 
the tin series, as a whole, all have hard grains embedded in soft 
matrices. But the curves present many differences in shape. 
(1) So that hard grains so found are not themselves sole causes 
of any peculiar resistance variation. (2) Also, the size of the 
grains seems not to determine this resistance variation. (3) Nor 
does the shape of the grains themselves seem to have the determin- 
ing effect on the shape of the resistance curve. But let us now 
notice those constituents which we have not mentioned in dis- 
cussing the structures, because there seemed no good reason for 
their appearance as crystals, such as have been mentioned as the 
features of the microstructures. These may be called the “ silent 
constituents,” and are exemplified in the bismuth of a, e, d, e, f 
and g, and the zine of h and i, which do not “ show up” in the 
structures. Upon failure to assign reasons, obtainable from strue- 
ture, for peculiarities of curves, may we attribute the latter to the 
unseen effect of the “ silent constituents”? The remarkable simi- 
larity of all curves of alloys containing bismuth and of those eon- 
taining zine lend considerable weight to this otherwise purely cir- 
cumstantial evidence. We may say at this time that we have here 
part proof, and as vet no reputation, of some such law as the fol- 
lowing: The effect of constituents which form hard crystals is con- 
stant; the effect of © silent constituents” varies with the speed. 

54. Looking at the photomicrograph of the alloys whose curves 
have been given on the sheet entitled “ Miscellaneous Alloys,” we 
have the structural features of “ white metal ” and of three yellow 
alloys of aluminum and copper. See Fig. 251. In the white metal 
we detect small squares, and seeing that the composition admits 
that possibility we may say these are cubes of SbhSn. These crystals 
are comparatively few in number, so that the structure would indi- 
cate a resistance performance not very different from that of pure 
lead. This is seen to be the case when curve 1 of “ Miscellaneous ” 
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sheet is compared with the curve of lead on the sheet of pure 
metals. Here is more verification of the belief that erystals of 
chemically combined metals embedded in a softer matrix do not 
affect the manner in which the resistance varies with the speed. 
A question of great industrial importance is whether or not these 


245 
HNO, HNO, 


Pb (80) Sb (15) Sn (5) Al (10) Cu (80) Mn (1) 
(a) (b) 


23 42 
HNO, HNO, 


Al (10) Cu (89.9) Mn (.1) 


(c) (d) 
Fie. 251. 


erystals greatly affect the actual value of the resistance in the 
constant manner intimated above in the diseussion of the tin 
series. Comparing the curves of “ white metal” and pure Pb, by 
the seale of times, such belief is confirmed, for the total running 
time of “ white metal ” was 252 seconds, while the performance of 
pure lead was 332 seconds in duration. The effect of the erystals 
seems to be just what might be expected, ae¢., that of increasing the 
resistance as a whole, 
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55. The microstructures of the “ aluminum bronzes” are of a 
totally different kind from any heretofore presented in this ae- 
count. When etched these specimens ali showed remarkably well 
defined crystals, closely packed together, without any well ordered 
arrangement, and differently tinted by the acid, making the sur- 
face very mottled in appearance. A very noticeable feature was 
the gridiron-like appearance of many of these crystals themselves. 
Keach one seemed to be a stack of plates set edge on to the surface, 
but with direction peculiar only to that crystal. No. d shows this 
best, though the resemblance can be traced in e and to some extent 
in b. None of these shown exhibit the * gridiron” feature quite 
so well as it appears in the macrostructure, without magnification. 
Aside from the faint resemblance noticed above by the aid of the 
Inicroscople observation, there is little of similarity to be noticed 
in the microstructures. Yet the frictional performances were 
almost identical. So that here we have a claimant for the position 
we have heretofore assigned to the * unseen constituents.” Is it 
then microstructure only or, in terms of friction, the lower orders 
of asperity which determine the resistance variation? Now these 
lower orders of asperity could hardly have been the cause of the 
‘“ white metal” pure lead similarity of performance. Again, the 
“ silent constituent ” was the same in all three of these latterly 
discussed alloys, and therefore still have as much right to the 
importance which has been attached to them as they had before. 

56. Conclusion—We may now apply the knowledge gained 
from the study of the resistance curves and the microstructures 
to the three questions named in the first part of this paper. They 
were as follows: (1) The law of variation of the amount of frie- 
tion with the velocity of sliding. (2) The theory of Charpy and 
others regarding the function of the hard grains and of the plastie 
ground-mass in the microstructure of alloys. (3) The theory of 
Prof. Goodman, having to do with the atomic volumes of the 
metals employed in bearings. 

57. (1) A glance at the results shows that a “ law ” could be 
made to apply to all of these cases at once only in an extremely 
general way, if at all; and that, when we consider details, nearly 
every affirmation in such a law would be contradicted by some of 
the results, leaving almost nothing in the nature of a general law 
of variation, applicable to all alike. In short, an alloy’s resistance 
performance seems to be peculiar to itself, although there are 
often partial similarities. 
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58. Henceforth our thought may take two or more different 
channels. We may try to explain matters by the aid of the micro- 
structures (which should inelude * silent constituents”), or we 
may attempt to account for the variations noticed upon some 
purely mechanical or, perhaps better expressed, accidental condi- 
tions. The microstructures, compositions, etc., having been dis- 
cussed above, let us see what we may do with abrasion as our 
light. It is admitted that generally abrasion is greatest at higher 
speeds, as we should expect. The upper portions of the curves 
would generally support an abrasion theory of the variation. 
There is also support for this in the fact that the softer metals 
show greater changes of resistance in falling down from the higher 
speeds. But the latter statement is controverted very largely by 
comparisons in this detail. Take the pure metals, aluminum, lead 
and copper; aluminum, which is second in hardness, has very little 
variation, while copper, first in hardness, has nearly as much of 
this peculiarity as the very soft lead. As a last argument in sup- 
port of the influence of abrasion, we may cite the curves of the 
aluminum-bronzes. These were the hardest of the alloys, and 
show the least—practically nothing—of variation. So that, for 
these instances, where there was least abrasion, there was least of 
higher-speed variation of resistance. 

59. At the lower ends of the curves there are two distinct 
peculiarities. Fourteen of the twenty curves are decidedly convex 
upward, and the remaining six just as decidedly straight or convex 
downward. Abrasion can hardly explain the difference. Not only 
‘an it not explain the upward convexity of the fourteen, but that 
peculiarity operates against such a theory. And meantime the 
straightness of the other six lends absolutely no support to an 
abrasion explanation. Also, against such an explanation there 
may be cited numerous small differences, noticed at high speed, 
between alloys physically very much alike. As an example of this 
we have the marked difference at the high speeds between curves 
1 and 2 of the Al series. Moreover, in general, the peculiarities 
of the curves were most marked when the average resistance was 
least, 2.e., when the total running times were longest, which fact 
operates effectively against the soundness of the abrasion argu- 
ment, for abrasion at once increases the resistance. 

60. On the other hand, it appeared that mechanical imperfee- 
tions, microscopic structural features, hard erystals of chemical 
compounds and other “ foreign ” effects, which make up the lower 
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orders of asperity, had a rather constant influence on the resistance. 
Also, that groups of alloys could be formed in which peculiarity 
of performance went hand in hand with one of the three constitu- 
ents. This constituent was not noticed in the microstructure and 
was called the “ silent constituent.” Accordingly it may be in- 
ferred that such constituents affect the grouping of the atoms, or 
even the minute crystals, in such a way as to determine the feature 
of the higher orders of asperity. 

61. On the whole, it does not seem at all improbable to the 
writer that the lower orders of asperity exert a nearly or quite 
constant resistance, or that the higher orders exert resistances 
varying according to the microstructure, although it may also be 
true that the variations noticed are resultants of two or more 
effects, either of which might be constant if taken separately, but 
that under varying conditions of speed at points more and at other 
points less of each effect enters into the resultant. 

62. (2) Charpy’s conclusion seems to be that it is the hard 
grains that contribute to the alloy whatever anti-friction quality 
it possesses. The results of the present investigation seem to the 
author to work against that conclusion. Notably so in the ease of 
pure lead and the “ white metal,” which is largely lead, but has 
the hard eubes of SbSn. While these results are not intended in 
any sense to be regarded absolute measurements of resistance, still 
it may be well to note the performance of the pure metals, alumi- 
num, copper and lead, in comparison with alloys of those metals. 
Aluminum ran longer than any of its alloys; and so did lead; like- 
Wise copper performed with much less resistance than did any of 
the yellow alloys of aluminum with copper. The only conclusion 
which can be come to is that the foreign substances introduced 
into an alloy as a result of the formation of isolated hard erystals 
tend to increase the resistance, and as noted in (1) above, in a 
somewhat constant manner. 

63. (3) The conclusion of Prof. Goodman was that if the 
third constituent of an alloy were a metal of high atomic volume, 
the resistance was diminished, and if of low atomic volume, it was 
increased. The observation of the writer that these third constitu- — 
ents when “ silent ” seem to have a great influence upon the varia- 
tion of resistance with the speed, leaves the way clear for such a 
conclusion as Goodman’s to obtain: since we may assume that the 
atomic volume of the element effects the higher orders of asperity. 

64. In the actual results, look at the curves of the tin series. 
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Comparing 1 and 2, it is seen that in 2 the bismuth of 1 has been 
replaced by copper. The result is slightly in favor of Goodman’s 
theory, for the atomic volume of Di is 21.1 and (1) ran 285 
seconds, while that of Cu is 7.2 and 2 ran 248 seconds. But the 
reverse result is obtained when in 6 we replace copper by antimony 
(atomie volume, 17.{)), obtaining 7, which showed greater average 
resistance. So that these results do not support Goodman's. But 
it is realized that what is now offered can only be regarded as 
meager in its power to refute or confirm. 


Discussion. 


Prof. Melvin Price-—The writer intends that the investiga- 
tion, so far as it has proceeded, will be regarded as but tentative. 
le also hopes that all very positive statements, unless they are 
easily demonstrable by facts, be thought of as opinions prompted 
by experience, but which may extend too far, or may seek to 
apply to some case principles not applicable thereto, or in short, 
be in error. In every such case the writer regrets being unable 
to revise with language more reserved. 

The discussion of laws (1) and (2) in the first portion of the 
paper is merely the outcome of a desire on the part of the writer 
to do what he may toward some reconciliation between the work 
of Morin and that of the more recent investigators. The work 
of Morin seems too extensive to be ruthlessly thrown aside as it 
has been by many, especially engineers. For, on the other hand, 
physicists and mechanicians largely adhere to Morin’s results. 
Such a strife produces in the mind of the average engineering 
student an unenviable but inevitable opinion regarding present- 
day knowledge of friction. 

The digression into laws (1) and (2) is not in itself highly de- 
fensible, nor are the statements advanced thought to be invul- 
nerable. At points the argument is essentially conjectural, al- 
though believed by the writer to be approximately true. 

He would especially warn those who may think to apply these 
results practically that none of the measurements taken in. the 
investigation should be regarded as absolnte. Similarities and 
dissimilarities among the curves were especiaily looked for, but 
only ordinary precautions were taken to promote that constancy 
essential to standardization for absolute results. Again, only 
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the nature of the stationary rubbing member has been taken 
up, the moving member having been the same for all tests, and 
as nearly constant in condition as has been ordinarily possible. 
This journal was probably not widely different from the average 
practical shaft journal. Nevertheless, much experiment would 
still be necessary before the results, even if standardized, could 
be applied to computations. 

Mr. Sanford A, Moss.—1 do not think Prof. Price correctly 
states the modern belief regarding frictional behavior. The best 
statement of what seems to me to be the modern belief is given 
by Mr. I]. F. Moore ina thesis presented to Sibley College, Cornell 
University, and reprinted in the American Machinist beginning 
September LOth, 1903. Mr. Moore gives three kinds of friction: 

Ist, friction of oily solid on oily solid. Mr. Moore calls this 
“solid friction.”’ Morin’s experiments probably cover this 
kind. 

2d, friction in which there is a complete film of oil between two 
solids. Then the solids are nowhere in contact with each other 
so that their character has nothing to do with the matter, but all 
the action depends on the oil. This is called ** perfect film frie- 
tion,”’ and is a matter of hydrodynamics and not of metallurgy. 
Professor Osborne Reynolds has treated this matter extensively. 

3d, to quote Mr. Moore ‘‘a stage intermediate between the two 
above classes, in which there is not a perfect film separating journal 
and bearing, and yet in which the friction is not so great and 
does not follow the same laws as in case one.”’ Mr. Moore calls 
this ‘‘ intermediate friction.”’ 

All of Prof. Price’s work falls in the third class mentioned above, 
‘* intermediate friction.’’ In intermediate friction the matter is 
to a great extent dependent on the way oil is supplied, as may be 
readily imagined. It is probably for this reason that there have 
been such discordant results obtained by various experimenters, 
and that Prof. Price does not come to any definite conclusion. 
Using the figures Prof. Price gives, I find he has had a bearing 
pressure of about 250 pounds per square inch, and an initial rub- 
bing velocity of about 200 feet per minute. These conditions are 

rather extreme in bearing practice, and if they existed in an actual 
bearing would call for very considerable care in lubrication. The 
bearing pressure is far greater than that which would permit of 
perfect film lubrication. As Prof. Price states, his lubrication was 
far from satisfactory, and this probably accounts for many vari- 
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ations. In the region in which Prof. Price was working the com- 
position of the metals is only one factor, the character of the 
lubrication being another very important consideration. 

It seems to the writer that consistent data for the case of inter- 
mediate friction can only be obtained when there is complete 
flooding of the bearing with oil, so that the bearing surfaces have 
as much oil as possible between them at all times. 

The President.—One of the interesting features of this paper 
is that the contribution comes from the laboratory of the Uni- 
versity of Nebraska. Few of us realize the present activity of 
scientific research in some of these western colleges. 1 have hap- 
pened to be brought in contact with the scope and quality of re- 
search for engineering data carried on in the laboratories of two 
or three of these State universities and have been much impressed 
by this tendeney of the times—we shall soon be looking for newest 
data in certain lines no more in the output of old and famous 
laboratories of Germany, France and England, than in the returns 
from Wisconsin, California, Michigan, Kansas and Nebraska. 

Mr. F. W. Taylor.—l am very glad to hear our President 
make what may be called encouraging remarks on this paper. It 
seems to me that the investigations made by the author have been 
thorough and painstaking, and that he has sueceeded in getting 
something out of it which is, to say the least, exceedingly inter- 
esting. The paper also contains, as I read it, a promise of good 
work in the future from the same author. The written criticism 
is perhaps just. I think probably the author might now be willing 
to accept a lubrication as suggested by the last writer as better than 
the condition which he took, but to allow adverse comment to 
remain the only criticism on thorough and painstaking work of 
this sort seems to me rather unfortunate. It does not encourage 
experiments of this sort, and even granting that this particular 
field may not prove especially fruitful in practical results, similar 
investigations are of extremely great value to the engineering fra- 
ternity. I have not the pleasure of the acquaintance of the gentle- 
man who has presented this paper, but I have been greatly 
impressed by the thoroughness and care with which his work has 
been done. 

Mr. H. H, Suplee.—In connection with this paper, I should 
like to call attention to some very thorough investigations on the 
friction of bearing metals which were made in Germany in con- 
nection with the trials of high speed electric railway motors. Mr. 
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Lasche, one of the engineers of the Allgemeine Elektrizitits-Gesell- 
schaft, was in charge of the trials, and he made a very exhaustive 
set of experiments in order to get the satisfactory bearings for high 
speed cars, running at 125 miles an hour. The result of those ex- 
periments have been published very completely in Germany, and 
they have also been published in an English translation in “ Trac- 
tion and Transmission.” One of the last works that the late Pro- 
fessor Thurston did was to abstract these experiments as a chapter 
in the new edition of his work on “* Friction.” Mr. Lasche plotted 
all his results in curves in three dimensions, and he found that the 
influence of temperature changes was very marked. I think that 
every one should take into account these important experiments 
in considering this subject. 

The President.—It was my good fortune some twenty years ago 
to assist Mr. Tliram F. Mills, the distinguished engineer of Law- 
rence and Lowell, Mass., in some experiments in regard to the 
friction of various metals on one another in which this question 
of the presence of oil, that has just been touched upon brietly, was 
found to be far more important than is generally appreciated. It 
was found that apparently the early experimenters on friction had 
failed in the accuracy of their results from not appreciating how 
diffeult it is to get rid of a film of oil on any piece of metal that 
has been machine worked. It is a matter for regret that the re- 
sults of these experiments on friction by Mr. Mills, like many of 
his researches, have not vet been published. It was found that 
even the minute lubrication or oiling imparted by merely the 
passing of the hand over a metallie surface that had been carefully 
cleaned and freed from oil by chemical means or by cutting to a 
fresh surface apart from the presence of oil, would very materially 
change the friction when measured with precision, and that the 
co-efficients of friction as laid down in the text books for surfaces 
free from oil were very materially in error, apparently from the 
very minute quantities of oil that were present on the metals that 
had been subjected to the experiments. 

Any one who has worked at the process of lithography realizes 
how diftieult it is to keep the surface of a clean lithographic stone 
absolutely free from oil. Merely the placing of a recently washed 
human hand on a elean lithographic stone will leave enough oil 
on its surface so that this impression can be “ worked up” and 
“brought out” so as to give a distinct print of the finger marks. 
That illustrates how very difficult it is to keep all oil from a piece 
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of metal that has been handled. I offer the suggestion to any one 
who is experimenting on friction in a precise way, that it is an 
exceedingly difticult matter to be sure of the absence of oil on the™ 
surfaces and requires exceeding great care to be certain that you 
are getting metal to metal with no infinitesimal film of oil between. 

Prof. Price.*—1 desire to make acknowledgment to those who 
have diseussed the paper, and to thank them for the kindly attitude 
which they have assumed in regard to it. 

The criticism offered by Mr. Moss concerns the manner of 
lubricating the bearings. Possibly a more complete flooding with 
oil would give more dependable results. Ilowever, the progress of 
my own thought on this point is given in paragraphs 27 and 28 of 
the paper; to which IT have nothing to add at present. Upon analy- 
sis it is seen that here the foundation thought was of the elimina- 
tion of abrasion without destroving the opportunity for the metal to 
exhibit whatever speed-friction characteristic of which it might 
be possessed. Finally, the effects of accidental abrasion, foreign 
particles, ete., were palliated by the taking of a large mass of data 
in repetition. 


* Author’s Closure, under the Rales. 
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No, 1089.* 
SMOKE AND ITS ABATEMENT.+ 


BY CHAS. H. BENJAMIN, CLEVELAND, O. 


(Member of the Society.) 


1. The subject of this paper is one which was suggested by 
the Seeretary of this Society during the past year, and is, or 
ought to be, of general interest at the present time. The smoke 
nuisance has long been one of the bugbears of living in the 
middle West and is now rapidly becoming an important factor 
in the East. It is so much easier to keep this nuisance out than 
to get rid of it when once in, that the residents of cities on the 
Atlantic seaboard ought to be alive to the situation. 

2. The fact might as well be recognized at once that the supply 
of so-called smokeless fuels, anthracite coal, petroleum, natural 
gas, ete., is limited and will not begin to satisfy the demand. The 
supply of bituminous coal on the other hand is practically un- 
limited, and it is doubtless the fuel of the future. The abundance 
of it, its cheapness and the readiness with which it burns, even 
with a poor draft, combine to make it a most desirable fuel. This 
granted, the further fact remains that it will be burned to a larger 
and larger extent in the East as well as in the West and that no 
legislation can prevent this. Just as anthracite coal becomes more 
scarce and its price increases, just so surely will its place be taken 
hy the cheaper and more abundant fuel. , 

3. The problem for our engineers and lawmakers is not how 
to prevent the burning of soft coal, but how to burn it in such 


* Presented at the Scranton meeting (June, 1905) of the American Society of 
Mechanical Engineers, and forming part of Vol. XXVI. of the Transactions. 


+ For further discussion on this general subject consult Transactions as 
follows : 


No. 222, vol. 7, p. 788: ‘‘Smoke-preventing Furnaces under Steam Boilers.” 
Topical Discussions. 
No 968, vol. 24, p. 315: ‘‘Smoke Consumption.” Topical Discussions. 
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a way that the combustion shall not be a publie nuisance. Unfor- 
tunately this, our best fuel, is at the same time our dirtiest fuel 
both in the handling and in the burning. The smoke from most 
other fuels, while not suitable for the lungs of Luman beings, is, 
if carried to a sufficient height by a chimney, comparatively in- 
offensive, since it does not return to earth. 

4. The present discussion will then be confined to the problem 
of abating the smoke from bituminous coal. The word abatement 
is chosen with a reason and the terms smoke prevention and smoke 
burning are disearded. It is not practicable to prevent the evil 
entirely, but only to mitigate it in a degree. Smoke burning on 
the other hand is an impossibility under the conditions which usu- 
ally present themselves. 

5. During my somewhat strenuous experience as city smoke 
official I encountered two extreme types of unbelievers. One was 
the private citizen who did not believe that manufacturers had any 
rights in the premises and who clamored for instant prosecution. 
The other was the manufacturer who considered that smoke was 
an index of prosperity and regarded any criticism or interference 
as malicious persecution. Between these two extremes were all 
sorts and conditions of men, some belligerent, some indifferent, 
some interested, but nearly all destitute of any appreciation of the 
true nature of smoke or the means of its abatement. I would not 
jeopardize my standing in this Society by insinuating that there 
are any such present. 

6. It will be well at the outset to state three propositions: 
a. The smoke from bituminous coal is a nuisance, especially in 
large cities. b. Such smoke can in the majority of cases be eas- 
ily abated. c. Such abatement can be made a source of profit 
to the owner of the plant as well as to the community. There need 
be no difficulty in establishing these propositions by precept and 
by example. 

a Objectionable black smoke is due to the presence of hydro- 
carbons in the fuel and is produced as follows: The hydrogen and 
carbon compounds in the coal are driven off as gas by the heat 
at a comparatively low temperature, and may escape unburned. 
In this condition they would not constitute smoke in the common 
sense of the term. If heated to a sufficiently high temperature 
in the presence of air they burn with a yellow flame. If the air 
supply is insufficient, is poorly mixed with gas, or if the tempera- 
ture is lowered in any way, combustion is checked and carbon is 
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deposited in the form of soot or carried off with the gas as smoke. 

8. 1 cannot illustrate this better than by quoting from a paper 
read last year before the American Association for the Advance- 
ment of Science.* 


The combustion of hydrocarbons seems to be always complete at first. If one 
watches the slow burning of a lump of cannel in the open grate he will see a 
whitish or yellowish vapor expelled from the coal by the gradual heat of the fire. 
This is the carbon and hydrogen combined which is distilled by the heat and 
leaves behind the free carbon as coke. While the escape of this vapor unburned 
represents a distinct loss of heat, the vapor is not smoke as we understand it. It 
does not deposit soot and will not stain or disfigure surfaces in its path. 

As the heat increases, and air is supplied, the vapor ignites and burns with a 
yellow flame showing the presence of solid particles. If the temperature remains 
high and the air supply continues, the combustion is complete and the colorless 
carbon dioxide and water vapor pass up the chimney. If, however, the burning 
gas becomes chilled by contact with the relatively cool bricks of the chimney 
back or if insufficient air is supplied, the yellow flame becomes red and dingy, 
while particles of finely divided carbon are deposited on the adjacent surfaces or 
whirled away up the chimney. 

The ordinary coal-oil lamp is one of the best illustrations of perfect combustion 
and consequeut smoke prevention. The heated gases rising in the chimney pro- 
duce a draft and fresh air is continually drawn in at the bottom through the hot 
gauze which warms and divides it so as to insure thorough mixing with the gases 
from the burning oil. Turn up the wick and the flame becomes smoky—too 
much hydrocarbon for the air supply. Raise the chimney slightly from the bot- 
tom and again there is smoke—too much air at too low a temperature which chills 
the flame. Insert a cool metal rod into the chimney and soot is deposited on it 
—chilling of the flame again and disengagement of the carbon, while the 
hydrogen continues to burn. 

And thus we may learn of the three requisites for good combustion ; enough 
air, a sustained high temperature and a thorough mixing of the gases. The last 
two are so important that it is entirely possible to have an excessive supply of air 
and dense black smoke at the same time. 


%. It is difficult to form any estimate of the amount of dam- 
age inflicted by soft coal smoke in a city like Pittsburg or Cleve- 
land, but it probably amounts to hundreds of thousands of dol- 
lars annually. The deterioration of dry-goods, draperies and deli- 
cate fabrics on the shelves and counters and in the show-windows is 
a direct tax on the buyer. In the book trade the situation is per- 
haps worse. I remember seeing in a display window in Chicago 
an assortment of valuable books, most of them open to view and 
all of them so streaked and spotted with soot as to render them 
unsalable at any decent price. Our libraries, public and private, 
are suffering day by day, and our art collections grow more and 


* Science, March 25, 1904 
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more dingy. Cleveland can produce an old master “ while you 
wait.” 

10. One of the largest items of annual expense in the city hotel 
or club-house is that of cleaning draperies, rugs and furnishings, 
and of redecorating walls and ceilings. A great part of this is 
directly chargeable to coal smoke. 

11. The presence of more or less sulphur in the soot renders 
it a corrosive as well as a discoloring agent and greatly increases 
the damage done. Trees and shrubs suffer in such an atmosphere 
and are frequently killed outright by the presence of sulphurous 
smoke. The effect on human beings has not been definitely deter- 
mined, but the deposition of soot on the delicate tissues of the 
respiratory organs can hardly be beneficial. 

12. In law a nuisance is “ such a use of property or such a 
course of conduct as, irrespective of actual trespass against others 
or of malicious or actual criminal intent, transgresses the just 
restrictions upon use or conduct which the proximity of other 
persons or property in civilized communities imposes upon what 
would otherwise be rightful freedom.” (Century Dictionary.) 
Smoke is then a nuisance and ean be prohibited by State or muni- 
cipal enactment as the case may be. I have no more right to de- 
luge my neighbor’s premises with soot than I have to empty my 
garbage can over the fence line. 

13. The abatement of smoke is in principle extremely simple, 
but presents some difficulties in the practical application. Only 
three conditions are necessary for complete combustion, the proper 
temperature, the proper air supply, a thorough mixing of the air 
and the hydrocarbons. The last condition is as important as any 
and is one too often neglected. It is this condition which gives the 
gas or liquid hydrocarbon an advantage over the solid, since the 
atomizing of the former by the steam or air jet insures the most 
intimate contact between the air and the fuel. 

14. The use of pulverized coal in combination with air or steam 
is a close approximation to the above, and, when properly man- 
aged, gives good combustion, no smoke and a high efficiency. The 
cost of pulverizing and the impracticability of storing pulverized 
fuel have so far hindered the more general adoption of this pro- 
cess, except for metallurgical work. 

15. When coal in the ordinary form is used as a fuel, smoke 
abatement involves some means of varying the coal supply and 
the air supply according to the demands made upon the boiler. 
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When ordinary hand firing is resorted to, the great irregularity 
of the coal supply will cause poor combustion and smoke unless 
the air supply is varied to correspond. Steam jets are frequently 
employed under these circumstances, and, if properly put in, will 
improve the combustion by drawing in additional air over the 
grate and mixing it with the products of combustion in front of 
the bridge wall. The steam jet should be semi-automatic, the 
steam and air being turned on by the opening of the fire door and 
gradually closed off by a dash-pot attachment. 

16. The best solution of the smoke problem, so far, has come 
from the introduction of mechanical means of handling the coal, 
which give a uniform feed to the fuel and a corresponding delivery 
of air for combustion. 

17. The use of mechanical stokers has been brought about by 
the natural demand for machine handling in large power plants 
us more economical than human labor, rather than by a philan- 
thropie desire to benetit the community. 

18. It has been estimated that one able-bodied man with a 
shovel and slice-bar can take care of 200 horse-power of boilers. 
With good mechanical stokers he can handle double, and with 
complete coal and ash-handling equipment three times this 
amount. 

19. Stokers may be divided into three principal classes: In- 
clined, shaking grates—traveling or chain grates—and underfeed 
stokers. 

20. The inclined grate, as exemplified in the Wilkinson, Bright- 
man and Roney stokers, has a hopper in front and slopes down 
and back, having a clinker grate just in front of the bridge wall, 
while the double incline, as in the Murphy and Detroit stokers, 
has a magazine on either side and slopes in two planes parallel to 
the axis of the boiler, meeting in a clinker grate at the bottom. 
The principle of action is practically the same and involves the 
slow coking of the coal on a dead-plate, the pushing forward on 
to the top of the incline and the gradual descent, impelled by 
oscillation of the grate bars, until the combustion has left nothing 
but ash and clinker at the bottom. Air is usually admitted both 
below and above the grate, and the hydrocarbons which are dis- 
tilled at the top of the grates pass through the intense heat of 
the burning coke on their way to the bridge wall and are com- 
pletely burned. The double incline usually has a revolving clinker 
bar which disposes of some of the ash automatically, but as a rule 
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both forms need considerable cleaning. When used with a fuel 
which does not cake or clinker too much and when net crowded too 
hard these stokers are economical and reduce the smoke consider- 
ably. If, however, it becomes necessary to slice and poke the fire 
on account of caking coal or overerowded boilers, unburned masses 
of coal are rolled to the bottom and holes are made in the fire 
through which cold air rushes. Both of these cireumstances make 
for poor combustion and a smoky fire. As a rule firemen poke 
the fire on stokers too much, doing more harm than good. 

21. I have seen inclined grate stokers, carrying a heavy fire 
and developing much more than the rated capacity of the boiler 
with very little slicing and hardly a trace of smoke. Cleaning is 
usually a source of black smoke for a few minutes, but this is 
mostly unnecessary if the fireman understands his business and 
gets his fire ready for cleaning beforehand. I think the middle 
door in the Murphy furnace is sometimes a disadvantage, as it 
tempts the fireman to meddle with the fire when he had much 
better leave it alone. 

22. The traveling or chain grate is rapidly coming into favor 
as a means of stoking automatically. It consists, as in the Bab- 
cock & Wilcox and Green stokers, of an endless horizontal chain 
running on sprocket wheels and carrying the coal back under the 
boiler, finally dumping the refuse over the back and into the ash- 
pit. The distilling process and the gradual burning of the coke 
are much the same as in the stokers just described. In order to 
prevent waste through the grates the latter are usually quite close, 
and it becomes necessary to use more draft than with ordinary 
grates. 

25. A damper is used underneath the grate to prevent an excess 
of air from passing up behind the grate. Some tests recently 
made by a large corporation which uses a considerable number 
of the chain grates showed an evaporation of only 5.7 pounds of 
water per pound of coal. An examination disclosed the fact that 
a large excess of air was passing through the comparatively bare 
grate at the rear end. The introduction of a damper to regulate 
this brought about a great improvement. With the same fuel and 
same conditions as before an evaporation of 8 pounds of water per 


pound of coal was obtained. Intending users of chain grates would 
do well to bear this in mind. 

24. From observations covering a period of several years I have 
come to the conclusion that this type of grate is the best one yet 
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devised for abating smoke. The fact that it is horizontal, so that 
unburned coal cannot run to the rear end, and the further faet that 
it is self-cleaning and need not be disturbed I the slice-bar, make 
it an almost ideal furnace in this respect. If run by an intelligent 
fireman who understands adapting the depth and travel of the tire 
to the work to be done, it will also be a very economical furnace. 

25. The underfeed stokers operate on an entirely different 
principle, the coal being fed in underneath the grate and foreed 
up through a rectangular opening in the center. A forced blast 
is used and the air for combustion is blown up through the coal, 
the tuyeres being on either side of the rectangular opening just 
mentioned. By this arrangement the fresh coal is always under- 
neath and the distilled gases are obliged to pass through an in- 
candeseent mass of fuel in company with the air. With a proper 
pressure of blast perfect combustion is thus almost unavoidable. 
The ash and clinker are now at the top of the fuel, which forms 
a gradually rising mound in the center and pushes the clinker over 
to either side, whence it is removed by hooks through doors at 
the front. The heat generated is such that the ash generally melts 
and forms a sheet of clinker which can be easily removed without 
disturbing the fire. 

26. In the American stoker the coal is foreed under the grate 
and up by a revolving screw, somewhat similar in shape to the 
ordinary gimlet pointed lag screw. 

27. In the Jones underfeed stoker a plunger driven by steam 
operates to feed the coal. This plunger can be arranged to start 
and stop by hand or to run automatically. 

28. My experience has shown the underfeed stoker to be econo- 
mical in operation and practically smokeless. 

29. A eriticism frequently made in regard to mechanical stok- 
ers is that they will not respond quickly to sudden changes in the 
load, that it is difficult to keep a uniform steam-pressure under 
such cireumstances, and that for this reason they are not econo- 
mieal. There is some truth in this. It is easy to conceive of cir- 
cumstances, especially in electric plants, under which it would be 
difficult to maintain a uniform steam pressure with either the 
oscillating or the traveling grate. For regular fluctuation of load, 
as in electric lighting or railway power-houses, the obvious remedy 
is the introduction of storage batteries and the provision for ample 
hoiler reserve. 

30. Minor fluctuations can be taken care of by the fireman wn- 
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less they become too numerous or too violent. In the latter ease 
the underfeed stoker with the plunger feed comes the nearest to 
satisfying the demand. With the power of instantly regulating 
the motion of the plunger and the pressure of the blast, it is thus 
possible to meet emergencies of this kind more promptly than by 
hand firing. 

31. With the complaint sometimes made that stokers cannot 
be forced I have no sympathy. With an ordinary inclined grate 
stoker under a horizontal tubular boiler I have forced a boiler to 
seventy-five per cent. above its rating with practically no smoke 
and with an evaporation of over 8 pounds of water per pound of 
bituminous slack. It all depends upon the draft and upon the 
intelligence of the fireman. Probably, however, none of us believe 
in forcing a boiler to this extent; it is bad for the boiler, bad for 
the stoker and bad for the coal pile. 

32. The economy resulting from the abatement of smoke is 
naturally a potent argument in its favor. This phase of the subject 
has, however, but little to do with the ethies of the question. Once 
prove that it is practicable to abate smoke and the community has 
a right to insist on its abatement regardless of economical con- 
siderations. It may cost me more to haul away my garbage than to 
throw it into my neighbor’s yard, but that is no argument for 
my imposing upon my neighbor. 

35. Fortunately this difficulty does not exist in most cases, for 
it may be stated as a general proposition that smoke abatement 
means economy in fuel consumption. The proof of this statement 
is extremely simple: fuel economy results from good combustion, 
good combustion is accompanied by little visible smoke. It must 
be remembered that the converse is not necessarily true, for a 
smokeless chimney does not always mean good economy. An ex- 
cess of air may insure entire oxidation of the combustible matter 
and at the same time so dilute the chimney gases as to cause serious 
waste of heat. 

34. The problem to be studied by the manufacturer should be 
how to obtain the most perfect combustion of the particular fuel 
which he uses and then the smoke question will take care of itself. 
Let him make frequent analyses of chimney gases, compare dif- 
ferent pressures of draft and different dispositions of dampers 
and he will be repaid for his trouble in more ways than one. 

35. Personally I believe in the automatie stoker as the most 
economical solution of the problem. In forming this opinion I do 
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het rely upon expert tests for efficiency; there are so many vari- 

ables entering into the question that it is difficult to make accurate 

comparisons in this way. As it is entirely possible to improve the 

eflicieney of a furnace ten or fifteen per cent. by intelligent hand 
i firing, there is much difficulty in determining the actual saving 
3 effected by a stoker. During a competitive test between the hand- 
fired furnace and the stoker the conditions are often entirely dif- 
ferent from those obtaining in every-day use, and these changed 
conditions are usually more to the advantage of the hand firing. 
By this I mean that good hand firing is the exception rather than 
the rule, on account of the dirty, disagreeable nature of the work 
and the low grade of help employed. 

36. With the introduction of mechanical handling there is a 
reduction in the quantity of manual labor and there should be 
an improvement in its quality. Manufacturers should understand 
that if they expect to get the benefit of improved machinery they 
must have men competent to run it to the best advantage. 

37. The surest method of determining the relative economy of 
the two methods is by comparing the coal bills before and after 
the change, making due allowance for any variation in the work 
done. This has been done in a number of instances to my knowl- 
edge and the result has always been favorable to the stoker. 


; About a year ago I addressed letters to a number of business men 
: and manufacturers who have installed mechanical stokers of va- 
' rious sorts in factories and office buildings, asking for informa- 
: tion as to the value as smoke-abating devices of the particular 
; stokers used, and as to the fuel economy and the cost of repairs. 


38. The replies in every Case were favorable to the stoker, both 
as regards smoke abatement and as regards general efficiency. 
: There are in the city of Cleveland fifteen large office buildings, 
ranging from eight to sixteen stories in height, which have me- 
chanical stokers in connection with their power and heating plants. 
It is doubtful if any such building will be erected in Cleveland in 
the future without an equipment of this sort. 


39. One manager of a ten-story office building writes that he 

has three 200-horse-power stokers which have been in use for 
four years burning slack coal, and that the only repairs have been 

/ the replacing of brick linings at a total expense for the four years 


of only fifty dollars per furnace. 
40. The following quotation from a letter written by the man- 
ager of a large storage warehouse explains itself: 
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“We installed under our four boilers stokers known as the 
, and they all went into service on March 1, 1903. 

“Our chief object in installing the stokers was to abate the 
smoke, and this they accomplish to such an extent that our chim- 
neys are practically smokeless, and in addition to this we saved 
500 tons of coal for the year. This we think is a fair showing, 
and thus far we have been put to very little expense in keeping 
them in repair.” 

41. An extract from another letter is as follows: The stokers 
cost approximately $1,500. The annual saving of fuel is $550. 
The demand for steam is increased ten to fifteen per cent.” 

42. Personal letters from well-known business men in Cleve- 
land testify to a saving in fuel varying from fifteen to twenty-five 
per cent. A very conservative letter from the chief engineer of 
one of the largest power-houses in the city contains some criticisms 
of faults in the various stokers used, but concludes as follows: 
“While it is impossible for me to ignore the weaknesses in the 
above stokers, yet I would certainly recommend the use of either 
of these stokers over hand-firing in a plant of any size using bitu- 
minous coal.” 

43. The business policy of some of the largest corporations 
forbids letters of commendation for any mechanical device what- 
soever, but I am in position to know that exhaustive tests covering 
a period of months have shown the economy of the new way in a 
most satisfactory manner. This is further evidenced by the fact 
that these “ soulless corporations ” are changing to the mechan- 
ical stoking as rapidly as the pressure of business will allow. 

44. One suburb of Cleveland containing large steel works has 
been redeemed in the most remarkable manner by the introduc- 
tion of automatic stokers, so that there is now a place for human 
beings to live, where formerly all was soot and blackness. The 
president of a manufacturing company using four stokers reports 
that he is not only paying from fifty to seventy-five cents less per 
ton for his fuel, but is burning six tons less per day than formerly, 
and at the same time getting better satisfaction in the maintain- 
ing of a uniform steam pressure. 

45. It is undoubtedly true that the agents of smoke-abating 
devices of all sorts have been extravagant in their claims and that 
they have damaged their own business by such claims, but this is 
a mistake not confined to the furnace business. 

46. A conservative claim of from ten to twenty per cent. sav- 
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ing, depending upon how smoky the furnace has been, can usually 
be substantiated by a comparison of the coal bills before and after 
introducing stokers, without resorting to expert tests. I have 
known so simple a thing as an automatic steam and air jet to pay 
from 50 to 100 per cent. annually on the original investment, as 
determined by the coal bills. 

47. For the benetit of those who rely largely upon expert tests 
for their opinions, | introduce a summary of several such tests 
which have come under my personal observation. 


EVAPORATION 
, ROM AND 
No Kind of Boiler. Kind of Stoker. - Kind of Coa). of . 
| = ri] Ash. Per Lb. Per Lb. 
|} | Dry Combus- 
| ac Coal. tible. 
1 (| Return Tubular Murphy 1670 2241) Slack 20.0 7.78 | 9.7 
“ 1670 2046 12.9 8.88 | 10.14 
3 ( 2087 1923, 13.3 | 8.07 | 9.31 
4 175| 232 19.0 | 9.75 | 12. 
5 \ | Jones Underfeed 100) 216) 14.6 | 9.07 | 10.62 
6 Hand Firing 100 193) 13.7 6.71 | 7.78 
7 \ Scotch Jones Underfeed ....| 232 " 8.67 7.68 | 8.42 
Hand Firing ...| 170, Run of Mine 14.31 6.86 7.99 
9 B. and W., Chain Grate | 600) 852 Slack 13.1 10.08 | 11.60 
10 | 100) 115) 19.4 6.39 |) 17.94 
11 |Return Tubular | 125} 179) 17.5 10.35 | 12.56 
12 “ “ Hand Firing 125) 134 Run of Mine 12. | 7.8 | 8.76 


Tests 1 and 2 show the improvement made by more careful 
handling of the stokers, while 2 and 3 illustrate the advantage 
of overloading rather than underloading the plant. 

In test 2 only twelve boilers were used and in test 3 the num- 
ber was increased to fifteen, the load being nearly the same. The 
poor showing in test 1 was due principally to waste of coal in 
the ash. 

Tests 5 and 6 show the improved results from stokers as com- 
pared with hand firing under a heavy overload, while Nos. 7 and 
S give the results of similar tests on Scotch boilers. No. 9 was 
an aceeptance test for a city plant, conducted by trustworthy and 
experienced engineers. 

No. 10 is introduced to show how not to do it. Not only is the 
ash high, showing poor judgment in running the stoker, but ac- 
tual measurement proved the air supply to be excessive, about 
350 cubie feet per pound of coal burned. 

With induced draft such as was used in this test, it should be 
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possible to get along with from 200 to 250 eubie feet of air per 
pound of coal. Tests 11 and 12 show the possibility of carrying 
an overload with a chain grate, using a poor quality of coal and 
getting better results than could be obtained with a better quality 
of coal hand fired. 

48. If 1 have said little in this paper about means for smoke 
abatement other than stokers, it is beeause I believe that the 
stoker is the best remedy where it can be used, and that it should 
always be adopted in new power plants. 

49. Whenever for any suflicient reason the stoker ean not be 
introduced, there are other devices which will mitigate the smoke 
nuisance considerably and also save fuel. The steam and air blast 
has already been mentioned. A recent improvement which prom- 
ises well is the combination of steam jets at the bridge wall with 
oil vapor, creating an intense heat at that point and consuming 
the hydrocarbons as they pass through. The expenditure of oil is 
comparatively small and considerable economy is said to result. 

50. Brick arches and battle walls have also assisted in maintain- 
ing a high temperature and in properly mixing the gases. The 
use of a reverberatory furnace or outside oven in which the coal 
and its gases are thoroughly burned before going to the boiler is 
another satisfactory method of reducing smoke, and may be used 
as well with as without a stoker. 

51. In short, whatever produces good combustion abates smoke. 
In apartment houses and stores where the boilers are used for 
heating only and the steam pressure is low, the use of fuels which 
are comparatively smokeless is about the only satisfactory solu- 
tion. If the use of such fuels is supplemented by intelligent and 
eareful firing, the results will be reasonably satisfactory. 

52. Locomotive engines present an entirely new set of eondi- 
tions requiring treatment radically different from that aeeorded 
to stationary plants. Several mechanical stokers have been de- 
signed for use on locomotives, and one of these at least has been 
fairly successful. This application is still in the experimental 
stage, however, and it is too early to pronounce upon its future. 


53. Most railroad companies have to rely entirely upon tli 
skill of their firemen for abating the smoke nuisance within city 
limits and some of them have made a great improvement in this 
respect. 

54. Regular and careful observations during the years 1900, 
1901, on the railroads entering the city of Cleveland, showed a re- 
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duction in the average amount of smoke emitted by locomotives of 
from one-half to two-thirds, as a result of the so-called one-shovel 
system of firing, without any change in the furnace or equipment. 
The introduction of brick arches also proved to be a good invest- 
ment. 

55. 1 quote herewith the instructions issued by the management 
of one trunk line entering Cleveland, during the year 1900. 
These correspond in the main to a set of rules printed in the 
“Railway Age,” in July, 1899, which were originally adopted 
by the C. & O. & T. R. R. as a means of reducing the fuel con- 
sumption. 


INSTRUCTIONS FOR FrRING LOCOMOTIVES ON THE —— R. R. TO PREVENT 
SMOKE. 

Explanatory : 

Bituminous coal contains a large percentage of hydrocarbons which are 
nearly all driven off as gas by the heat of the furnace in a few seconds after the 
coal enters the firebox. Hydrocarbons, when unconsumed, make objectionable 
black smoke, but when a sufficient quantity of air is mixed with the hydro- 
carbons, combustion is complete, and no smoke appears. 

Rules 

After firing each shovelful of coal, the door must be left open one or two 
inches for a few seconds, admitting enough air to produce complete combustion 
of the gases driven off from the coal. Care must be taken not to leave the door 
open longer than necessary to consume the gases. Firemen must learn to work 
with as light a fire as possible. 

Before starting, the blower must be put on and a sufficient supply of coal 
put in the firebox to insure a good, solid fire. After the coal has been put in the 
door must be left partly open, by placing the latch on the first notch of the catch, 
so to remain until the smoke entirely disappears, when the door must be closed. 

The engineer should so arrange the water supply that the fireman may be 
able to fire the engine regularly and economically, ard this can be done best when 
the water is supplied to the boiler continuously. 

Firemen must pay particular attention to the manner in which the engineer 
works the injector and handles the engine, in order to regulate the fire accord- 
ingly. Care must be taken to have the blower applied and the door partly open 
when approaching a station at which a stop is to be made, and no smoke must be 
allowed to show from the stack at such times, or when descending grades. 

While the blower is being used, except when approaching a station at 
which a stop is to be made, care should be taken to keep the door closed as much 
as possible, more especially when cleaning the fire, as the blower causes the cold 
air to be drawn into the flues. While lying on the side tracks, both dampers 
should be closed to save the fire. 

Grates should be shaken only when absolutely necessary, as too frequent 
shaking causes a loss of fuel, by allowing the unconsumed coal to fall into the 
ashpan, where it ignites and causes the pan to heat and warp. Ashpans should be 
examined as frequently as stops will permit, and under no circumstances must 
they be allowed to become filled, 
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When possible to avoid it, fire-doors must not be left wide open. To leave 
the door wide open is especially bad when using steam or blower. 

56. In closing I wish to call attention brietly to the legal aspect 
of the question, although this may not interest engineers as much 
as does the scientific aspect. 

57. I believe that the municipalities have a right to insist upon 
the abatement of black smoke by all users of steam boilers, with- 
out regard to the purposes for which the steam is used or the 
means to be adopted for abatement. This, because smoke is a 
publie nuisance and because it can be abated without hardship to 
the owner of the plant. Nevertheless, when the evil is present 
and has been present for a period of years, it is not good policy 
to be too radical in the enforcement of the statutes. The law 
should be definite and stringent and the penalties adequate, but 
they should be enforced with discretion by officials who have some 
technical and practical knowledge of smoke abatement. 

58. It is absurd to talk of putting this matter into the hands 
of the police or of the health officer. The official having charge of 
this work should be a trained engineer, if possible a technically 
educated man, and he should be entirely above graft in any of 
its disguises. 

59. Some years ago I was indicating to the municipal commit- 
tee of a commercial club in a Western city qualifications for a 
smoke inspector somewhat similar to those just mentioned, when 
the secretary of the club, turning to his associates, remarked sol- 
emnly: ** Gentlemen, I do not see but what we will be obliged to 
get an angel for this position.” 

60. As a rule, very little attention should be paid to complaints, 
since they are usually inspired by prejudice and neighborhood 
jealousy rather than by any knowledge of the actual conditions. 
The inspector should be in a position to know the condition and 
characteristics of eacli chimney, and these should be determined 
by systematic observations made by a trained assistant. The ob- 
servations should be made each five minutes and should cover all 
the time during which the chimney is visible. 

61. To summarize the facts and principles of smoke abatement, 

I would repeat : 

(1) Black smoke is a public nuisance and should be regulated by 
legal means. 

(2) It is a result of imperfect combustion and can be largely 
abated by proper methods of stoking. 
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(3) Mechanical stokers offer the best means of accomplishing 
this result, in medium-sized or large plants. 

(4) As smoke abatement is a result of better combustion, 
economy of fuel is the natural and obvious result. 

62. To these | would like to add one more, a principle which is 
common to all reforms: 

(5) An educated and intelligent public sentiment must be the 
moving and compelling foree, without which mechanical devices 
and legal enactments will both fail. 

63. When the public comes to realize its rights in this matter and 
that it is under no more obligation to submit to this nuisance than 
it is to endure bad drainage or filthy streets, laws will be enacted 
and enforced and the people will wonder that they so long sub- 
mitted to this unreasonable imposition. 


DISCUSSION. 


Mr. A. Bement.—This paper, like many others which have 
heen written, treats the problem in a general manner and fails 
to offer a definite solution for any particular case or condition. 
Every one of the schemes that is mentioned or recommended is 
in some cases producing smoke, and doing so with the best ob- 
tainable manipulation. The general problem as it presents itself 
at present with a large variety of inefficient apparatus, receiving 
more or less indifferent manipulation, is extremely complicated, 
and like all such problems, requires analysis directed toward the 
solution of some definite feature before a substantial beginning 
may be made. It is first necessary to realize the fact that, 
broadly speaking, there are no smokeless ‘‘ furnaces ’’ or “‘ stok- 
ers’? that are manufactured fer sale; therefore, a well-intending 
purchaser may buy the best available apparatus which, with a 
certain superior grade of coal and careful manipulation, may 
produce a smokeless condition, but he may not be able to afford 
the cost of such superior fuel, or to command the required careful 
manipulation. Everyone of the devices and schemes described 
in the paper are in a large number of cases making serious smoke 
and doing so under the most favorable conditions of fuel and 
manipulation attainable in the given cases. 

Nearly all efforts made in this matter are mostly the outgrowth 
of present practice which is itself unsound, and we are largely 


q 
$ 
j 


728 SMOKE AND ITS ABATEMENT. 


endeavoring to materialize our present hopes, rather than direct 
efforts to an accordance with natural physical laws, and as the 
solution of a complex problem may be arrived at only by prop- 
erly directed detailed treatment, it is well to attack it at the 
beginning rather than endeavor to work backwards. 

Taking this view of the matter, let us see what can be done in 
a certain definite case. Therefore, I will take that of the water 
tube boiler with horizontal inclined tubes. This type is selected 
for two reasons; first, it is one which by all means, of itself, 
causes the largest smoke production; and second, it offers the 
best opportunity for application of smokeless apparatus in series 
with it. 

If a thorough mixture of combustible and air could be effected 
at the grate or in the fuel bed, or if it could be attained a few 
inches above the fuel bed, then the desired result would be im- 
mediately secured, but as such ideal performance is unattainable, 
and if it was, must be largely disturbed when ashes are removed, 
something other than a plain grate should be used. This leads 
to the consideration of a stoker machine which, if fulfilling re- 
quirements, must perform two functions; first, continuous and 
uniform supply of fuel and consequent evolution of combustible, 
as well as similar removal of ash. Second, to effect a complete 
mixture of gases at the fire. It is apparent that this first re- 
quirement is unattainable with any form of sloping grate or 
underfeed device, or, in fact, with any stationary or semi-sta- 
tionary form of grate; therefore, it is not necessary to determine 
whether these devices will fulfill the second function, that of 
complete mixture at the fire, especially so, because this may be 
determined with the next form of stoker to be examined, which 
is the chain grate, an apparatus which fulfills the first requirement 
in an ideal manner, but which, like all general forms of stokers, 
receives its fuel at one end of the grate, at which point evolution 
of the coal gas occurs in a narrow zone, and that the fulfillment 
of the second requirement, that of mixture of the gases, does 
not occur, may be readily observed at the chimney top. Thus, 
following the stoker throughout its various forms to its most 
perfect type, that of the chain grate, we find it finally to be 
a failure as far as complete solution is concerned, because it does 
not cause sufficient mixture of gases with the air which is present. 

This final and important requirement which the stoker fails 
to fulfill, which, as before mentioned is that of effecting mixture of 
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the gases, may be secured by locating a furnace between the stoker 
and boiler of such capacity that there will be opportunity for 
mixture to occur before the boiler surface is reached. Such 
furnace may be easily produced by covering the tubes of the 
bottom row of the boiler with a refractory tile, which extends 
from the front to about five feet from the back end of the boiler. 
The presence of this tile furnace roof requires, of course, that 
the gases enter among the tubes at the back of the boiler. These 
final conclusions lead to an apparatus which is ‘* smoke proof,” 
if the furnace is of a length of from sixteen to eighteen feet, 
measuring from the point of entrance of the fuel to the exit, and 
this isthe only form of apparatus which produces smokeless com- 
bustion of itself independent of its manipulation. 

I am, of course, aware that chain grates, served with expensive 
washed or especially sized coal, or operated with a very thin 
fire, often produce but very little smoke, but the combination of 
apparatus which I have described will produce a smokeless result 
when using the fuel that the stoker is usually sold to burn, and 
does so with that thickness of fire which gives the best economic 
result in steam made per unit of fuel, and which at the same 
time also makes the most smoke af the fire. 

It is apparent that such combination of apparatus as above 
described cannot be obtained as a unit, therefore, strictly speak- 
ing, a smokeless apparatus cannot be purchased to-day in the 
market as an entirety. The first example of this combination 
was produced some years ago by the Chicago Edison Co., by 
locating this form of furnace between water tube boilers and 
chain grate stokers, which were already at the time in service, 
with the result that the Heine Safety Boiler Co. adopted this 
form of tile for its boilers, and the practice of attaching this ele- 
ment to a furnace has been extended to other similar boilers by 
some different makers, so a purchaser may buy a boiler and its 
furnace element from one maker, and a chain grate stoker from 
another, and in this way obtain a smokeless apparatus. 

The above is a case of the proper principles in their best ap- 
plication, and if the action at the fire produced by other forms 
of stoker or that from common grates can be made to equal that 
produced by the chain grate by proper manipulation, then the 
final result will be equal, but this introduces the uncertain and 
uncontrollable fagtor, that of the personal equation of the fire- 


man, Ido not wish to appear as discouraging careful effort on 
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the part of firemen or furnace operators, because, if engineers 
sannot produce good apparatus, and a fireman may get good 
results from inferior devices, he is a man from whom much is 
to be expected. 

I think that Professor Benjamin overrates the lack of proper 
public sentiment favoring smoke prevention. There are many 
people who are doing as well as they can with the imperfect 
apparatus at their disposal, many of whom have displaced one 
form for another without deriving benetit thereby. Also others 
who have purchased the best that the market afforded, and which 
make serious smoke, and they cannot stop it. As a matter of 
fact, it is the practice of the engineers who design and select the 
apparatus that is not keeping up to the pace set by owners and 
their operatives. 

An inference in paragraph 22 should be corrected, which is, 
that owing to the small opening in the chain grate, a strong 
draft is necessary. Now, a chain grate stoker cannot operate 
with a very strong suction draft on account of excessive air leak- 
age through the coal hopper, and the usual limit is about 0.6 of 
an inch of water, and with such draft, coal containing about ten 
per cent. of ash and a like amount of moisture, has burned at 
the rate of sixty pounds per square foot of grate per hour. Such 
coal was necessarily of a very favorable size, but this shows how 
much air can flow through these small openings, especially as it 
was as much as 100 per cent. in excess. I have found that the 
amount of opening through different grates has but little effect 
on the amount of the coal burned as far as air is concerned, 
but that the condition of the fuel bed has an enormous in- 
fluence. 

Another matter that should be mentioned, is that chain grate 
fires may be made to respond to demands of regular and irregular 
peaks of load as found in electric generating stations, if the oper- 
ation of the fires and stokers is properly managed. 

Mr. John T. Hawkins.—Professor Benjamin says, paragraph 
32, ‘**The economy resulting from the abatement of smoke is 
naturally a potent argument in its favor,’’ which he qualifies, 


paragraph 33, by the admission that ‘‘A smokeless chimney does 
not always mean good economy.” 

In paragraph 46 he says: ‘‘A conservative claim of from ten 
to twenty per cent. saving, depending upon how smoky the fur- 
nace has been, can usually be substantiated by a comparison of 
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the coal bills before and after introducing stokers, without re- 
sorting to expert tests.” 

In the latter connection it is to be regretted that, in paragraph 
69, where the party quoted says: ‘* Our chief object in install- 
ing stokers was to abate the smoke ’’—and that, ‘‘in addition 
to this we saved five hundred tons of coal a year,’’ he does not 
give us the total consumption for the year, so that we might 


arrive at the percentage of saving. 

Similarly, paragraph 41, the party writing saved fuel annu 
ally to the value of $550, but does not say what was the total 
value of coal consumed per annum. 

About the year 1880 the writer, in conjunction with the late 
Pheron Skeel, conducted a quite exhaustive series of experi- 
ments, with a specially prepared boiler setting, having for their 
object to determine, Ist, the possibility of burning bituminous 
coal of the various grades, in a boiler furnace, practically 
without producing smoke, and 2nd, what was the actual loss 
due to the production of smoke only, other conditions being 
equal. 

Without taking time and space to describe this boiler setting, 
suflice it to say that it was such as to permit of very gradual and 
practically continuous firing by hand; with equally good means 
of regulating the air supply. 

It was found entirely practicable to continuously burn either 
of the brands of bituminous coals to be had at the time absolutely 
without smoke. 

It was also found possible, by varying the method of firing and 
the air supply, to produce at will any degree of smokiness desired 
at the top of the chimney. 

One of the objects being to determine the value of unconsumed 
or uncombined carbon constituting the smoke proper, the re- 
sults from the two methods of firing—smoky and smokeless— 
were carefully compared; and it was found that as between the 
most smoky and absolutely smokeless firing the loss never ex- 
ceeded 0.7 of one per cent. 

This would make it appear that the claim, paragraph 46, of 
ten to twenty per cent. saving could scarcely depend merely 
upon how smoky the furnace had been, but upon some other more 
important considerations, somewhere to the extent of nine to 
nineteen per cent. 

It seems to me therefore that the statement that ‘‘ the econ- 
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omy resulting from the abatement of smoke is naturally a potent 
argument in its favor, is somewhat misleading. — If it is really as 
potent an argument as is indicated in paragraph 46, very few 
considerable consumers of bituminous fuel would be found with 
smoky chimneys. 

Most of us older engineers will remember when traveling years 
ago at night on Hudson river steamers, burning anthracite coal 
in their furnaces, the more or less entertaining sight of a volumi- 
nous and continuous blue flame at the tops of the chimneys, which 
we, now at least, know came from the incomplete combustion in 
the furnaces, allowing large volumes of CO to take up at this 
point the additional atom of O necessary to perfect the combus- 
tion, and establishing a secondary furnace, as it were, at the 
chimney top, while all this should have been accomplished below. 
Doubtless in furnaces burning bituminous coal similar conditions 
may obtain, regardless of smoke, which alone never reaches a 
loss of one per cent. of the fuel. 

I am quite at one with Prof. Benjamin otherwise, generally, 
and with paragraph 6 (c), except that the mere abatement of 
smoke can be any material source of profit to the owner of the 
plant, however profitable it may be to the community. 

If it were true that the mere abatement of smoke could result 
in any such saving as one-fifth of the fuel, believe me, there would 
be no such smoky cities as Pittsburg is to-day. 

There is no doubt, however, but that any contrivance or system 
which shall effect a perfect combustion of bituminous coal, or pro- 
duce the most economical results, must at the same time effect the 
abatement of smoke; nor is there any question that mechanical 
stokers are now among the best means to that end; and certainly 
no one can at this late day fail to be convinced that for such large 
plants as admit of the application of mechanical stokers, a smoky 
chimney has no excuse. If the Vienna engineers could so effect- 
ively avoid smoky furnaces as is described by Mr. Gus. C. Hen- 
ning (Zransactions, Vol. 24, p. 323), we American engineers 
should not balk at such a problem. 

Aside, however, from such extensive plants as permit of or 
warrant the use of mechanical stokers, there are a thousand and 
one smaller plants of an infinite variety, down to the heating 
apparatus of private houses, which offer an inviting field for the 
inventor in some contrivance, arrangement or attachment which 
shall ensure smokeless furnaces under the kind of management 
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which is necessarily inseparable from such cases. For as Pro- 
fessor Benjamin well says (paragraph 1): ‘* Just as anthracite 
coal becomes more scarce and its price increases, just so surely 
will its place be taken by the cheaper and more abundant fuel.”’ 

Mr. Geo. IH. Barrus.—Professor Benjamin has had consider- 
able experience with this subject, being a city official whose duty 
it is to endeavor to abate the smoke evil so far as the law will 
allow. Having unusual opportunity for studying and observing 
the effect of smoke-preventing devices, his remarks and opinions 
are entitled to much consideration. 

In my own observations connected with this problem, I find that 
steam users are willing enough to adopt measures for preventing 
smoke, but they object to going to much expense in the matter, 
and especially when it comes to the installation of automatic 
stokers. Such an innovation as the attachment of a stoker often 
calls for the entire rebuilding of the furnaces and iron boiler 
fronts, which is an undertaking that not only interferes with the 
operation of the plant while the change is going on, but it involves 
a large expenditure of money. The cost of a stoker is sometimes 
one-half the cost of the boiler itself, and steam users object to 
putting out this amount of money merely for the prevention of 
smoke. Even under compulsion of the statute, few can be pre- 
vailed upon to adopt this method. 

Although it is true that the automatie stoker, as Professor Ben- 
jamin so well states, is an excellent device for preventing smoke, 
it is equally true that it is such an expensive mode of accomplish- 
ing the result there is little use in recommending it for universal 
adoption. In view of this aspect of the matter it seems to me that 
Professor Benjamin has reached an impracticable conclusion, and 
I would like to know how he proposes to meet such a serious ob- 
jection. 

I notice in paragraph 49 the mention of a combination oil burn- 
ing appliance in connection with a coal furnace for reducing the 
quantity of smoke. I should like to know more about this. Per- 
haps the Professor will make a fuller explanation. 

In paragraph 18 there is a remarkable statement that one able- 
bodied man ean take eare of 200 horse-power of boilers. I am 
sure this cannot be taken seriously. I have in mind a number of 
boiler plants where one fireman handles three, four, and even five 
times this amount of boiler power. 

Professor F, R. Hutton.—The secretary would state that the 
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experiments conducted by Mr. Barrus were with anthracite and 
not bituminous coal. 

Mr. A. J. Herschmann.— I happen to be ina position to be able 
to say something about the use of bituminous fuel in New York 
City. The Flat Lron Building, as is perhaps known, is one of the 
very few buildings in New York City that uses soft coal under 
its boilers. We have had no dithieulty with smoke, and it has been 
our experience that with a eareful fireman no black smoke was 
generated. Recently the Hawley furnaces in the Fuller Building 
were removed, and we introduced a system of blowing air under 
the tire, combined with automatic control of the damper. At first 
I looked at it in a very sceptical way, for I did not believe that 
with a very high stack it would be possible to increase the economy 
of a furnace by introducing mechanical draft. when 
the device was introduced, we found an increase in economy. We 
used mechanical draft under the tire, burning soft coal, and 
we found there was hardly any smoke emitted. The chief reason 
is that with the use of this device there was a perfect balance 
of draft above the fire and no rush of suspended carbon into 
the stack. Ordinarily with a high stack when the furnace door 
is opened there is an inrush of cold air which chills the blaze 
and eauses a considerable amount of smoke at the top of the staek ; 
whereas, with the use of the balanced draft as now applied in 
the Fuller Building, it is found that all the crevices, so to speak, 
of the boiler are filled by the gases which are given a thorough 
chance to mix. 

I would like to say also that 200 horse-power, of course, is not 
a great amount of work for a fireman. We generated almost 450, 
and one man had no special ditheulty in firing the boilers. Con- 
sequently, as regards stokers it is my opinion that a stoker eould 
not be a source of great economy, particularly in a small place 
where you have to handle vour coal anvway. It would be differ- 
ent in a large plant, a central station for example, where special 
eoal handling is resorted to, but in an office building where the 
fireman is expected to handle his own coal—or at most one coal 
passer emploved—I do not believe a stoker would add to the eeon- 
omy. As regards smoke affecting economy, we found that it did 
not. In one ease when we found a great deal of smoke emitted, 
the economy varied only about one per cent. The most serious 
question with soft coal is the gas created by it in the boiler-room 
and the coal dust raised in handling it. 
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Mr. Ambrose Swasey. As one of the guilty manufacturers of 
Cleveland who has done his part toward eclipsing the sun in that 
section of the COUNLPY, I wish to speak of the exeellent work done 
hy Professor Benjamin during the time he was supervising en- 
gineer, and in charge of the smoke abatement for the city of Cleve- 
land. Tam glad to say that he took up the solution of this prob- 
lem in a way which commanded the respect of every manufacturer 
and steam user in the city, and had he not been obliged to con- 
tend with the political methods of the city in addition to the 
smoke nuisance, Loam sure that Cleveland would be a much 
cleaner city than it is to-day. He certainly did abate the smoke 
in Cleveland to the extent that the difference could readily be 
observed on the streets. He also built up a strong public senti- 
ment in favor of smoke abatement, and | am contident that when 
such werk is taken up and earried on in the way in which Pro- 
fessor Benjamin started it, a large amount of the smoke in our 
western cities can be done away with. 

Something has been said in regard to automatic stokers and 
hand firing. Judging from my own experience | am satisfied 
that when automatic stokers are applied to boilers having sufficient 
capacity, the smoke can practically be eliminated. As to hand 
iring, we can do much more than we would at first believe. On 
one oceasion | entered our boiler-room and found the fireman 
shoveling in a large amount of coal. LT asked him why he put so 
much coal on one side of the boiler and none on the other, as there 
were two openings. [lis answer was that he thought it was the 
host plan to put a lot of coal on one side and when the proper 
time eame, to throw in as much on the other. I suggested that 
he throw in small amounts of coal, approximating the automatic 
stoker as nearly as possible, and then told him that his position 
would depend upon the top of the smokestack, and from that time 
on the amount of smoke was greatly reduced. I think that ex- 
cellent results may be obtained by hand firing, and that fully 75 
per cent. of the smoke from the average boiler using soft coal can 
be avoided. 

Mr. Max H. Miner.—There is something said in the paper 
about the one shovel method of firing locomotives. It seems to me 
that that is something that is going to require attention before 
long, unless electrie locomotives take the place of steam loco- 
motives in our cities. At the time when this one-shovel method 
was first agitated the size and power of the locomotives were 
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such that in most cases it was entirely practicable, but in the last 
tive or SIX vears the size of locomotives, the size of the boilers, 
and the power required has increased so much that when a loco- 
motive is fired by the one-shovel method it is in most cases a 
practically continuous process. In a test made on the Erie, eleven 
coaches and Pullman ears were hauled up a heavy grade, from 
Port Jervis to Summit, in about half an hour, the locomotive 
developed continuously about 1,200 horse-power and the fireman 
inside of half an hour tired 150 shovels of coal, which would be on 
an average about tive scoops a minute. Of course it Was neces- 
sary to close the door between firings in order to lessen the amount 
of cold air going in, the draft being tremendous, and it was 
necessary for him to tire abeut six or seven scoops at a time. Every 
time he put in a scoop full of course there would be a cloud of 
smoke for a short time, but probably a large amount of that was 
due to the fine dust in the coal being drawn through and out of the 
stack. It seems to me that if some of the smoke nuisance on 
heavy locomotives is going to be abated by anything resembling 
the one-shovel method it will require something in the line of 
mechanical stokers which can tire the coal continuously in small 
amounts and vel keep ihe tire door closed, or closed with the ex- 
ception of a small opening. 

Mr. Paul R. Brooks.—I come from Chicago and I think—with 
all due deference to our past President, from Cleveland, that there 
eannot be much question of the demonstrated right of Chicago to 
a place in this discussion. The railroad and tug boat smoke nuis- 
ance there is at least as bad, if not worse, than any of the manu- 
facturing plants, and I have seen something of both sides. One 
reason for the steamboat nuisance is that one man will be obliged 
to handle all the way up to 2,000 horse-power of boilers with soft 
eoal, and he fires, as Mr. Swasey’s man did, so that it will stay 
fired for a sutticient length of time for him to attend to the other 
boilers. The result is an almost continuous black fog. The rail- 
road proposition has been selved in two ways. One of the com- 
panies tried to burn coke. They were not altogether successful. 
Yet with no change excepting a draft appliance in the front end 
of the locomotive and a partial mixture of coke and semi-anthira- 
cite coal they have been able to get along very nicely. Another 
railroad was unable to get anything to abate smoke from switching 
engines until they designed a type of locomotive with a very large 
fire box in comparison with the amount of heating surface, and 
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burning a moderate fire in that. With the switch engine firemen 
they found it very hard to get any result at all on the one-shovel 
firing plan. You know, the switch engine firemen are the poorest 
of this class of labor, and that was an obstinate source of trouble 
at first. But the solution in general has segmed to be in arrang- 
ing for a rate of firing which approximates a steady supply of coal 
and which makes not too great a demand upon either the fireman 
or the grate surface in the matter of combustion. With care and 
the exercise gf a little common sense, very satisfactory results can 
be obtained without expensive installations. The tug boat nuis- 
ance is still open to argument. 

Mr. William H. Blauvelt.—Professor Benjamin in his fourth 
conclusion states: ‘As smoke results,” ete. IL would like to ask 
the experience of the society in regard to the economy of the differ- 
ent classes of boiler installations. I know of a large company 
which has three boiler plants, each of 3,500 horse-power, standing 
inarow. One of them is old fashioned, and the coal is delivered 
on a trestle and then wheeled or shoveled to the front of the 
boilers; the ashes are raked out on the floor in front of the boilers 
and then carted away. There are no economizers. In the second 
one the coal is delivered from a bin above and run down through 
chutes in front of the tire doors, convenient to the fireman’s shovel ; 
there are tunnels under the ash pit and economizers in the rear, 
and forced draft is used. In the third one there is everything 
required for a complete modern plant; the coal is delivered by 
conveyors into a bin overhead, and thence to stokers of a standard 
type; the ashes are taken out from a pit underneath into cars and 
run off by power; there are ample economizers and induced draft, 
and every labor saving appliance. Careful analysis of the costs 
show that it is impossible to distinguish between the three houses. 
Including all costs from the time the coal leaves the car until the 
steam is delivered, including coal, labor, repairs, and interest on 
the different investments, the totals are practically identical, al- 
though those three boiler houses may be said to represent three 
different systems. Anthracite is used throughout this plant. I 
was discussing the subject the other day with one of the officials 
of a large steel company, and he told me that his experience in 
Cleveland was practically the same with soft coal. There they 
put in automatic firing, but they did not find it was of any econ- 
omy, when all costs of labor, repairs and interest on the invest- 
ment were included. This morning I visited the collieries of the 
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D. L. & W. Company, and U made the same inquiry. I found 
one boiler house there where firing was done by hand and the 
ashes taken away by hand, and there are no economizers. [ was 
told they are getting their steam for less money than other collier- 
ies nearby where the boiler houses are fitted with stokers and all 
other improvements. It seems to me this is a very important part 
of the subject, and I should like to know what the experience of 
the members has been as to the relative cost of operation, as well 
as the relative evaporative efficiency of the coal, under the differ- 
ent systems. 

Mr. S. Balkwill, Jr—My experience has been that when we 
get good combustion with a chain grate we do our firing smoke- 
lessly. We have attached to our boilers an automatic arrange- 
ment for controlling the damper, and we find that when the steam 
pressure rises suddenly, causing the dampers to be closed quickly, 
we get a diminished amount of draft which causes imperfect com- 
bustion and at such times we get a small amount of smoke, but 
at those times only. 

Mr. Fred W. Taylor.—I have had personal experience with 
three types of automatie stokers. Having gone at the stoker 
problem with great enthusiasm, I was surprised to find that when 
part of the boilers in a boiler house were equipped with automatic 
stokers and others were fired by hand the economy in both eases 
was about the same. My conclusion is, after a close observation 
of three of the leading types of stokers, that if the price of coal is 
very high, as it is in New England, for instance, there is little, if 
any, economy in automatic stokers, but where the labor of stoking 
forms a large item of the expense, the mechanical stoker is a very 
distinct advantage. 

Mr. Blauvelt.—Why, if the automatic stoker is an economical 
appliance, is that true with high priced coal? It would seem to 
me that the advantage in that case would be greater. 

Mr. Taylor.—An experienced, skilful fireman using coal of the 
best quality can with care obtain a rather higher efficiency than is 
usually reached with automatic stokers. And this increase in 
efficiency is sufficient, when the price of coal is high, to pay for 
his wages. With cheap fuel of poor quality, on the other hand, 
the mechanical stoker will give about as good efficiency as hand 
firing. The cheaper the coal the greater becomes the item of 
firemen’s wages as a factor of the total cost, so that in this case 
stokers are an economy. 
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Mr. A. S. Mann.—I wonder whether anybody here has observed 
the chimney of the Metropolitan Station at 06th St., New York 
City. I think the New York authorities arrest the engineer when 
they find the chimney smoking and I believe they have no trouble. 

I had charge of that plant at one time and know that they take 
great pains and get good results. They have over 80 boilers, half 
of them burning soft coal, and conditions are as nearly perfect as 
they can be made. 

Mr. Taylor—In New England practically nothing but high 
priced fuel is used, so that the location of the boiler plant has 
much weight in determining whether stokers are economical or 
not. 

Mr. Miner.—There have been some experiments by the Ilinois 
Central Railroad in Chicago, burning pulverized coal on a small 
scale, and it seems to me it would be interesting if the society 
could get some definite reports of those tests. I know in a general 
way that they claim a gain in economy of about 16 or 20 per 
cent., and it is a fact that there appears practically no smoke. 

Mr. John R. Freeman.—There is no paper on our present list 
whose subject matter concerns every good citizen more than that 
of this paper by Professor Benjamin, and it devolves particularly 
on the members of this society to conduct a campaign of educa- 
tion on this subject. 

Not long ago I was going through a very large factory in New 
York City and in the back part of the boiler room I noticed several 
large crates of rubbish, and asked the superintendent the purpose 
of saving it and storing it. He explained that they were partic- 
ular about the enforcement of the smoke ordinances and that they 
had found this material made less smoke when burned after dark. 

Prof. Chas. H. Benjamin.*—I should take a decided exception 
to Mr. Bement’s statements in his opening paragraphs: ** Every 
one of the devices and schemes described in the paper are in a 
iarge number of cases making serious smoke and doing so under 
the most favorable conditions of fuel and manipulation, ete., ete.” 

Whatever may be the results in Chicago, I know that in Cleve- 
land the mechanical stokers mentioned in the paper are in nearly 
every case preventing objectionable smoke, and are doing it with 
bituminous slack or nut, the cheapest fuel in our market. 


* Author's Closure, under the Rules. 
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Furthermore, when the stokers do allow smoke, the result is 
in every ease directly traceable either to crowding of the boilers 
beyond a reasonable limit, or to carelessness or indifference on the 
part of the firemen. 

I make this statement, not offhand, but as a result of systematic 
observation of all the stacks in Cleveland for a period of two 
years by trained observers. The device that Mr. Bement deseribes 
is familiar to me and, when used in conjunction with a good me- 
chanical stoker, is a help to perfect combustion. 

In reply to Mr. Hawkins I would say that a horse is an animal, 
but an animal is not necessarily a horse. Good combustion means 
a clean chimney. The reverse is not always true. Perhaps I 
should have stated that the amount of earbon in soft-coal smoke 
rarely exceeds one-half of one per cent. The real losses are due to 
the escape of unburned gases, but they have black smoke for their 
danger signals. The letters read were quoted literally and I ean- 
not give the total amount of coal burned in any ease. 

Mr. Hawkins says, “ If it were true that the mere abatement 
of smoke could result in any such saving as one-fifth of the fuel, 
believe me, there would be no such smoky cities as Pittsburg 
to-day.” 

It is strange, but nevertheless true, that the fact of fuel economy 
in complete combustion does not result in an immediate revolu- 
tion in boiler practice. No stranger, however, than that other 
sources of economy in modern city life are similarly neglected. 

An appreciation of the economy resulting from the use of me- 
chanical stokers has effected a great change in the prevailing prac- 
tice in Cleveland, and a corresponding improvement in_ the 
atmosphere. 

One member of this Society, Mr. Alex. FE. Brown, has made a 
successful application of the reverberatory furnace in combination 
with chain grates, locating them in front of the boilers and getting 
complete combustion before the gases pass to the tubes. 

Mr. Barrus’ remarks are good and to the point, but apply rathe1 
to the Eastern practice in burning anthracite coal than to the con- 
ditions obtaining in the Middle West... The economy from burn- 
ing successfully a cheaper grade of fuel has usually paid .a good 
interest on the original cost of the stokers. I am entirely serious 
as to the 200 horse-power limit for one fireman when handling 
soft coal slack at the rate of 5 lbs. of coal per horse-power hour. 
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I would not ask a fireman to do more and I doubt if Mr. Barrus 
would, after trying it himself for ten hours. 

It is not good economy to crowd either the boiler or the fireman 
too hard. 

The use of steam and air jets has been alluded to. It is a very 
effective method of smoke prevention, and is used very largely in 
Cleveland. — IT have not given it very much weight in my paper 
hoeause it depends so much on the individuality of the engineer 
and the fireman. | have found that men who used that means hac 
to be watched so continually and reprimanded so much that [ got 
out of patience with that sort of prevention. The divergence in 
opinion as to economy is due largely to a difference in the kind of 
coal used. My remarks apply to bituminous coal. Economy I 
regard as a secondary consideration. Of course, the manufacturer 
does not. But I believe we would have a right to prevent the emis- 
sion of black smoke from chimneys in cities if it cost the manu- 
facturers twice as much as it does now to run for furnaces. I do 
not think that has anything to do with the legal aspect of the case. 
In western and central cities I believe there is a considerable 
economy resulting from the use of stokers, because it enables the 
manufacturers to get an evaporation of seven or eight pounds of 
water per pound of coal from a fuel that wili only give them 
‘five or six pounds with hand firing. That is with the very cheap- 
est kind of fuel they ean buy. This has been demonstrated so 
many times to me in the course of my experience that I have no 
hesitation in affirming my belief in the economy of the mechan- 
ical stoker for handling the kinds of fuel that are used in that 
part of the country. I should not think that there was much 
economy in using stokers for handling high-priced fuel. The 
question has been asked as to whether coal improves in quality as 
we go east. T should state that proposition in another way: I 
know it certainly deteriorates as we go west. 

I want to express my appreciation of what Mr. Swasey has said 
with regard to the work in Cleveland. If all the manufacturers 
in Cleveland were like Mr. Swasey the post of smoke inspector 
there would be more or less of a sinecure. 


Allusion has been made to what has been stated by an oficial 
of a certain steel corporation with regard to economy at their plant 
in Cleveland. If this corporation has got to the point where it 
is putting in mechanical stokers for the sake of improving the 
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atmosphere of the city of Cleveland, it has experienced a decided 
change of heart since I have had any dealings with it. I had a 
great deal to do with the officials of one steel corporation when I 
was a city official, for the reason that they made three or four 
times as much smoke as any other corporation in the city, and when 
I approached one of the high officials on the subject, his language 
was such that I do not wish to quote literally, but it was very much 
like that imputed to Mr. Vanderbilt upon one occasion with regard 
to his disposition towards the public. Furthermore it was stated 
to me by an official of the company that they were experimenting 
with chain grate stokers at certain of their plants and making 
elaborate tests, of which I was allowed to have copies, and thai 
the future disposition of the corporation depended entirely upon 
the results of those tests as to economy in coal. Following that, 
their plants have been equipped from time to time with stokers, 
and these plants are now practically free from smoke. In other 
words, that part of Cleveland which was formerly an inferno has 
been rendered at least habitable, as is noticeable to any one who 
is acquainted with it. 

I believe that in city limits the solution of the locomotive prob- 
lem is going to be the use of the electric locomotive or the use of 
smokeless fuel. It is undoubtedly true that it is difficult, if not 
impossible, to reduce the smoke to a satisfactory minimum with 
the one-shovel system of firing, especially with the larger types 
of locomotive. I want to express my appreciation of the hearty 
co-operation of all the railroad lines in Cleveland in connection 
with this problem of smoke abatement. The railroad officials 
assisted me in every way in their power, and made an improve- 
ment which was noticeable for its contrast with what occurred in 
a great many of the stationary plants. Perhaps this was largely 
because the discipline on the railroads was so much better; they 
had so much better control over their engineers and firemen and 
looked after them so carefully, that it made the problem com- 
paratively easy of solution. 

In closing this discussion, I wish to say that I have not tried 
to point out a remedy for every set of conditions that might exist, 
but rather to state certain general principles. 

I would have all people know that smoke is a nuisance, morally 
and legally; that it can in a large measure be prevented, and that 
economy to the manufacturer is entirely a secondary consideration 
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to the public at large. The recent decision of Judge Kohlsaat in 
Chicago hits the nail on the head. 

I would see the time when the black smoke at the chimney top 
shall be an emblem of piracy as much as the black flag at the mast 
head, and when the question of the profitableness of piracy shall 
be relegated to its proper place. 
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No, 1090.* 


CONTINUOUS MEASURING AND MIXING OF CRUSHED 
OR POWDERED MATERIALS IN ACCURATE PRO- 
PORTIONS. 


BY E. N. TRUMP, SYRACUSE, N. Y. 


(Member of the Society.) 


1. Many chemical and metallurgical processes require the ac- 
curate proportioning of the raw materials in a crushed or pow- 
dered form, and their intimate association by mixture until the 
particles are near enough together to admit of the desired re- 
actions. 

2. The success of these processes largely depends on the ac- 
curacy of the proportions, as an excess of one material, or lack 
of another, may give irregular results. 

3. Many products are simple mixtures of raw materials, and 
where the color or appearance must be uniform, the proportion 
must be perfect. 

4. The methods of the apothecary are sufficient for the com- 
pounding of medicines which are weighed in small quantities, but 
when materials must be mixed by the ton these methods become 
too slow and laborious. 


Methods of Measuring and Mizing. 


5. The developing of chemical processes has been an enlarge- 
ment of the chemist’s methods, and we find the favorite plan the 
“batch method.” The material is measured or weighed in con- 
venient sized “ batches ” and brought together in some kind of a 
mixing machine to be mechanically thrust or tumbled about until 
the particles are supposed to find their proportional distance from 
each other. The smaller the batches are made the less time re- 
quired for the mixture, but the multiplying of the operations 


* Presented at the Scranton meeting (June, 1905) of the American Society of 
Mechanical Engineers, and forming part of Volume XXVI. of the Transactions. 
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becomes a very monotonous occupation for the men intrusted with 
the weighing or measuring, soon resulting in careless work and 
requiring constant checking and testing to keep up the standard 
of quality. 

6. The use of Hopper Seales, or of Automatic Seales, has im- 
proved the proportions, but the materials are still delivered in 
batches of considerable size, and must be thoroughly mixed by an 
intermittent process corresponding in time with the weighing, and 
difficult to make automatic. Even when the mixture of a batch 
is good it is often difficult to discharge the product from the mix- 
ing machine without destroying the accuracy of the mix because 
a difference in the sizes of the particles, or a difference in their 
specific gravity, tends to re-distribute the ingredients in the re- 
ceiving hopper, which must be large enough to hold the contents 
of the mixer. 

7. Weighing Machines are affected by the varying condition 
of the materials, which stick to the hoppers, or the dust which 
clogs the delicate balances. The gates used to feed the weighing 
hopper, or discharge its contents, leak, and foreign substances 
clog or prevent their proper action. 

8. Where the material contains varying amounts of moisture 
frequent tests must be made and the weights changed to obtain 
the proper portion of dry material. 

9. The measuring of batches of material is subjected to the 
variations in the personal equation of the attendant. The height 
of fall into the measure, the temperature and condition of ma- 
terial, the method of striking off surplus, the amount of tamping 
the material receives, all affect the result. 


Continuous Measuring and Mixing. 


10. Many machines have been made, and are in use, to pro- 
portion materials and mix them continuously. It is recognized 
that much saving of labor in handling, and greatly enlarged out- 
puts, will result from proper methods. 

11. The first element of continuous mixing is a continuous feed, 
which will be rapid and accurate, and not affected by varying con- 
ditions of the materials, or at least adjustable to these conditions. 
The following methods may be mentioned: 

Screw Conveyors: Are used for discharging a stream from a 
hopper, the quantity being regulated by a sliding gate at the end 
or by changes in speed. 

48 


746 MEASURING AND MIXING OF CRUSHED MATERIALS. 


Shaking Spouts: Operated under a hopper to move the ma- 
terial delivered upon it. 

Revolving Pockets: Receiving material from a spout and empty- 
ing into a spout below. 

Revolving Rolls: Arranged to fetd a measured quantity by the 
distance between them, or from a spout by extending the natural 
slope. 

Reciprocating Tables: Moving horizontally under a spout, and 
moving the material out over its edge. 

Revolving Tables: With stationary spout grinding material out 
until it falls over its edge, or is diverted by an inclined blade. 


ump 


Fie. 252. 


12. Each one of the above methods are in use in various forms, 
with different degrees of success. Some of them work well on a 
particular material, but most of them are affected by changes of 
speed, pressure from the hoppers holding supplies of material, 
changes of moisture, or size of crushing. Nearly all of them de- 
pend for accuracy on the natural slope assumed by the material 
as it discharges from a spout, and as the natural slope which the 
material assumes in falling out of a spout is changed by any 
variation in pressure from above, size of material, content of 
moisture, and speed of delivery, all of these affect the accuracy 
of the delivery. 

13. Of the methods mentioned above, the revolving table, with 
a stationary spout above its center, as shown in Fig. 252, is much 
used in cement manufacture for feeding mills, ete. Its defect is 
the change in the natural slope of the material, with different pres- 
sures in the feeding spout which varies the amount cut off by the 
diverting blade. 

14. If we make the table of relatively large size and distribute 
the material in a uniform laver upon it, as shown in Fig. 253, the 
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stationary knife, or diverting blade, may be pivoted so as to take 
off a predetermined quantity in one revolution, and if the layer is 
thin, variations in the natural slope on the edge will affect the 
accuracy very little. As the table revolves the stationary knife 
will divert the material in front of it over the edge of the table 
and it will fall in a continuous stream into the chute. 

15. If the material is replenished on the table so that the layer 
taken off by the knife is restored to exactly the same shape as 
hefore, and is continuously removed by the knife, an accurately 
measured quantity will be diverted. 


Fig. 253. 

16. By adding to the table a bottomless storage cylinder, some- 
what smaller in diameter, with its lower edge spaced a distance 
above the table sufficient to clear the knife and yet near enough 
to the table so that the material flows out from under the edge 
of the cylinder and takes its natural slope, we shall have the con- 
dition represented by Fig. 254. 

17. The cylinder being supported by arms from the central 
spindle may be filled to the top by means of the chute, and as the 
knife removes the section represented by its path over the table, 
the material from the cylinder above will take the place left 
vacant, and will come out under the edge of the cylinder to the 
extent of its natural slope. While this slope may vary a little 
this variation is a very small part of the amount diverted by the 
knife, and as the material composing nearly the whole base of 
the cylinder is cut away the space behind the knife is filled from 
above with nearly uniform pressure, and in practice the natural 
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slope angle is almost exactly the same, in spite of considerable dif- 
ferences in height of material within the cylinder. 

18. After deciding on the distance between the bottom of the 
eylinder and the table, and the width of the knife, the other fac- 
tors, which determine the amount of material measured off in a 
given time, are the speed of rotation and the depth of the cut of 
the knife, and these are both adjustable. The depth of eut of 
the knife is adjusted by swinging the knife around on its pivot 


BOTTOMLESS 
CYLINDER 


so that it extends a greater or less distance into the material. 
This swing is controlled by a screw attached to an arm, east as part 
of the knife, and a micrometer scale with pointer shows the 
amount of movement. This is shown in Fig. 255. 

19. The mechanism described above may be employed for the 
feeding of a great variety of materials, varying considerably in 
size and consistency, and if the size of the table, the shape of the 
cylinder, and the size of the knife and space between the cylinder 
and the table are properly adjusted, almost any kind of crushed 
material may be fed, 
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20. The variations in size may extend from fine powders, like 
cement, to rocks of 6 inches cube. In the ease of the larger sizes 
the space between the bottom of the cylinder and the table is 
made considerably higher thar the height of the knife, as the 
space between the bottom of the evlinder and the top of the knife 
must be sufficient to let the largest pieces pass through without 
catching. The amount diverted by the knife is not dependent 
upon its height, but on the height of the space under the cylinder. 

21. As an example, in the case of a table 12 feet in diameter, 
feeding rocks of 6 inches cube, the variations for a single revolu- 
tion, Where some 6,000 pounds were diverted, showed less than 2.5 
per cent., and for 10 revolutions the variations were less than } 
of 1 per cent. of the quantities. With finely powdered materials 
the variations in the quantities by volume are considerably less 
than this. 
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Fig. 255. 


22. A measuring table of 3 feet 6 inches in diameter is being 
used as a meter measuring the quantity of powdered material de- 
livered to a series of furnaces. The quantity was formerly ascer- 
tained by passing the material through a hopper seale, where 
batches were continuously weighed by an attendant. The meas- 
uring table was calibrated in different positions of the knife, and 
the total quantity measured by it was checked for two consecutive 
months. The variations from day to day, where 12 to 15 tons of 
material were measured, were less than 50 pounds, and the total 
differences for a month, for a measurement of 400 tons, showed in 
one case 108 pounds, and in the other case 150 pounds. As these 
variations were both sides of the average, the results of the seales 
were as doubtful as those of the measuring machine. 

23. The same machine filled to the top of the cylinder was re- 
volved and the material for each revolution weighed separately, 
the depth of the cylinder being about 3 feet, the quantities for 


750 MEASURING AND MIXING OF CRUSHED MATERIALS. 


each revolution were within ;y of a pound of each other, on a 
weight of 5 pounds, and no variation occurred until the material 
reached within 6 inches of the bottom of the eylinder, when it 
began to decrease a little in quantity for each revolution. 

24. Having now obtained a method of measuring the materials, 
the proportioning of two or more materials, and the subsequent 
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Fie. 256. 


mixing, becomes a matter of the combination of two or more 
cylinders. Two measuring machines, such as have been described, 
may deliver into the same spout, and may be driven at different 
speeds, or the same speed, and by adjusting the knives any pro- 
portions may be secured. 

25. As the function of a perfect mixer is to deliver the ma- 
terials in the proper proportions in as close contact as possible, it 
is important to bring them together in superposed sheets while 
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falling from the table, so that little subsequent mixing will be 
required. To reduce the amount of mechanism, therefore, and 
have only one revolving part, the arrangement shown in Fig. 256 
is adopted. 

26. The two or more tables are set one above another, and the 
cylinders supported from the same spindle, so that they all re- 
volve together. Each table has its own storage cylinder, or an- 
nular space between the eylinders, and for each table there is a 
knife with its own adjusting mechanism. These knives may be 
adjusted at will to vary the percentage of material in a mixture, 
and when the proportions are approximately known, the width of 
the knives and the distance between the cylinders and the tables 
are fixed at approximately the average desired. 

27. As the material is diverted over the edge of the upper table 
it falls into the material coming from the knife next below, and 
these two quantities fall into the material from the third table, 
in ease three tables are used. 

28. The spouts which feed the storage cylinders may be so ar- 
ranged that the revolution of the cylinder automatically keeps 
the cylinder full, the material itself preventing more issuing from 
the spout than is necessary to maintain a constant level in the 
evlinder. 

29. Hoppers may also be employed, into which the material 
can be dumped from wheelbarrows, fed with shovels, or drawn 
intermittently from a spout at comparatively irregular intervals, 
the only attention required being to keep the cylinders reasonably 
full. The volume may be allowed to vary 50 per cent. without 
interfering with the accuracy of the quantity diverted by the knife. 

30. With very finely divided powdered material, which flows 
very freely, it may be necessary to place a special mechanism in 
the top of the storage cylinders to regulate the pressure from the 
contents of a large bin so that it will not force the material to 
flow with too great a difference of velocity, these finely powdered 
materials being prone to stick in the bin, but when once in mo- 
tion to have almost the mobility of water. 

31. The design of this measuring machine may be considerably 
modified for different uses. One form of the machine is shown in 
Fig. 257 in which three tables are used, the tables and storage 
eylinders being all mounted and driveri by the same center sleeve, 
which is carried on a dirt-proof step-bearing on top of a stationary 
spindle. 
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32. The lowest table has a bevel gear cast on the under side, 
which is driven by a pinion mounted on a countershaft. A ring 
projecting down from the outer edge of this table runs in a dust 
seal in the bottom casting. The casings of the machines are made 
dust-proof, to avoid any possibility of leakage, and the whole is 
mounted on a substantial base. The three knives can be readily 
adjusted by the micrometer adjusting screws shown on the right, 
and a closed delivery chute and receiving chutes may be readily 
connected to the cover and delivery spout. 

33. Figs. 258, 259, 260 and 261 show the arrangement of single 
and double machines of this character. 

34. Figs. 262 and 263 show the same machines for use with vers 
finely powdered materials, having a special sealing device to pre- 
vent pressure from the entering spouts. 

35. These machines may be used for the measuring and mixing 
of various chemicals; measuring and mixing of dry colors; for 
mixing of glass batch; for the proportioning of ingredients for the 
manufacture of special plasters; also of materials for making sand- 
lime brick; the blending of coffees; the measuring and mixing of 
flour, sugar, ete., in bakeries and confectionery establishments; 
for the combining of ingredients in fertilizers, and for a variety 
of chemical and industrial processes in which accuracy of measur- 
ing and mixing and reduction of labor, and especially of skilled 
labor, is desirable. 

36. As a feeding mechanism, in continuous furnace processes 
for mills, or crushers, requiring regular feeds, and especially for 
the rotary kilns used in cement making, these machines have been 
found to be especially well adapted, and to materially increas 
the efficiency of the mechanism on account of the greater regu 
larity of the operation. 

37. One adaptation, which gives promise of great use in thi 
industrial arts, is the proportioning of the cement, sand and stone, 
with the addition of the necessary water, in the manufacture of 
concrete. The strength of concrete depends largely on the per- 
fect coating of the fine sand with the proper quantity of cement, 
and the proper filling of the voids between the crushed stone. If 
the proportions of the ingredients vary considerably some parts 
of. the structure will be weak, and to guard against this weakness 
larger quantities of cement are necessary than would be the ease if 
absolute accuracy of proportions was obtained. 

38. The usual methods of proportioning the materials in con- 
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crete mixing are very crude, and engineers are beginning to re- 
alize that for the important work now being done with reinforced 
concrete, greater accuracy is necessary. The method of measur- 
ing the ingredients in wheelbarrows, or by means of shovels in the 
hands of the ordinary laboring help, is very unsatisfactory, and 
the effort to make up for this deficiency, by using machine mixers, 
does not entirely remedy the trouble. 

39. Figs. 264 and 265 show an arrangement of measuring ma- 
chines, adapted to concrete mixing, which has been very success- 
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ful. Fig. 264 is intended for a semi-portable machine, having a 
‘apacity of 50 cubie yards of concrete per hour, the materials 
being fed from temporary stationary hoppers supplied with or- 
dinary elevating mechanisms, and delivered by the measuring 
machine through a double spray of water into a short interrupted 
screw, so that the concrete is delivered in a continuous stream 
accurately proportioned and thoroughly incorporated with the 
water. With this machine about 10 horse-power is required for 
measuring and mixing at the rate of 50 cubic yards per hour, and 
as small a quantity as a cubic foot can be made with the same ac- 
curacy as a much larger quantity. 

The diverting knives of the measuring machine can be quickly 
changed to suit the proportions required in the concrete, and are 
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provided with a locking arrangement so that they can be set by 
the superintendent and not changed except by his direction. 

10. Fig. 265 shows a more portable arrangement of the same 
style of machine, designed to have a capacity of about 30 cubic 
yards per hour, in which special belt conveyors are provided for 
receiving the sand and stone at the level of the ground on each 
side of the machine, the cement being delivered to a platform and 
fed into the machine from bags by an attendant. These machines 
may be driven by a motor or engine and boiler, and the inter- 
rupted screw mixer has vertical and horizontal movements, which 
are useful in delivering to wheelbarrows, into excavations, or onto 
the street level in street paving work. 

41. The great saving effected by the accuracy and continuity 
maintained by these machines have been proven in actual prac- 
tice, and the accuracy demonstrated by use in actual construction. 
The only limit in speed is the ability to get material into them 
fast enough, and as only the interrupted screw convevor contains 
any mixed concrete no cleaning is required, and the machine can 
be stopped and started with little delay. 


Experiments on Single Measuring Table, 4 ft. 6 in. Diameter. 


42. Comparisons of the amount of soda ash fed from the table 
for each ten revolutions, the point of the knife being entered dif- 
ferent distances from the edge of the cylinder, the machine auto- 
matically feeding itself from a large bin above. 


Depth of Depth of 10 
cut. revolutions, = revolutions. 
58.5) «« ‘“ 305 
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Cost of Making Concrete. 

43. The cost of making concrete, where the materials were 
furnished near the job, at the prices mentioned below, and the 
concrete mixed by hand, has been found to average $5 per cubic 
yard. 

No. 1 Concrete Experiment.—A Concrete Mixer was installed 
in a central position, where the stone, cement and sand could be 
elevated into hoppers by means of a system of buckets elevated 
on an elevator and pushed by hand at both the bottom and the 
top, the labor including shoveling the sand and stone into the 
buckets and emptying cement from the bags. The cost of this 
concrete was as follows: 


1 cubic yard of concrete, with a 1—3—5 mixture, weighs 3,800 lb., and con- 
tains as follows— 


4.5 cu. ft. or 1} bbls. of cement @ $1.15 per bbl............ = $1.54 
22.5 ‘* ‘* “ spalls, 1,975 Ibs. @ $0.35 per net ton........... = .845 
For hauling sand, then elevating and placing in hopper...... = eee 

cement, then elevating and placing in hopper.... = .025 
Cost of mixing 50 yd. per day (labor) @ $.15 per hour....... = .056 
Repairs— Average for six = 

: Cost per cu. yd. loaded into wagons,................ = $2.457 
Cost of making concrete exclusive of material....... = ae 
Cubic feet of stone for 1 yard of concrete................ = 22.5 cu. ft. 
To fill voids in stone 40 per cent............ oe “ 
45 “ 


44. The Concrete Machine running with the table making 10 
revolutions per minute, has a capacity of 50 cubie yards per hour. 

The above figures for labor are higher than they would be if 
more concrete had been made, only 50 cubic yards being the 
amount required. 

The machine was operated by making two or three eubie yards 
at a time, and then stopping until more concrete was required. 

No. 2 Concrete Experiment.—Foundations of a large building, 
the concrete being hauled in carts and dumped into trenches. 


Cost of concrete loaded into wagons ...............0.seeeee. = $2.45 


Total cost per cubic yard in place.................-. = $2.92 
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In the above case the concrete was made as fast as six carts 
could haul it 500 feet. 

No. 3 Concrete Experiment.—Cost of machine shop floor, hav- 
ing 8-inch thickness of concrete, left with a rough surface. 


Cost of concrete loaded into wagons...................000008 = $2.45 

Total cost per cubic yard in place................... a $3.485 


No. 4 Concrete Experiment.—Heavy Foundations. 
Concrete put into wheelbarrows and wheeled on plank runways 
about 150 feet. 


Cost of concrete loaded into wheelbarrows .................. = $2.45 
Wheeling 150 feet and putting im place..................... =, a 


No. 5 Concrete Experiment.—Heavy concrete retaining walls, 
and concreting around a series of large pipes in a trench, hauling 
concrete 2,200 feet on bad roads, and wheeling from where 
wagons were dumped and putting in place. 


Cost of concrete loaded into wagons................0..000005 = $2.45 
Wheeling from wagons, dumping and putting in place....... = 


45. The Superintendent of the plant in charge of this work 
reports that the Conerete Mixer has been in use about six months, 
and they find it is a great labor saver. The concrete is well made, 
both as to proportion and mixing, and careful checking of the 
amount of cement, sand and spalls used and fed to the machine 
shows that the machine is measuring the quantities accurately. 
It will be noted that the cost of making the concrete, exclusive 
of the materials, is only 12 cents per cubic yard. In other situa- 
tions where the material is more easily handled this cost would be 
considerably reduced. 

46. In conclusion it seems proper to state that the principles 

and details used in the measuring and mixing machines described 
have been made the subject of patents in this country and abroad. 
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SOME TYPES OF CENTRIFUGAL PUMPS.+ 


BY WM. 0. WEBBER, BOSTON, MASS. 


(Member of the Society.) 


1. It is, perhaps, not generally known to the average reader 
that great improvements have been made in centrifugal pumping 
in the last decade, previous to which very little advance had been 
made for a long time. In fact the capabilities of centrifugal 
pumping seem to have been universally neglected. Perhaps a 
slight retrospect might not be out of connection in this place. 

2. Centrifugal pumps were known as early as the seventeenth 
century. Papin, the celebrated French engineer, designed a cen- 
trifugal pump in 1703. Euler brought out a pump of this type 
in 1754. In 1818 a form of centrifugal pump was brought out 
in Massachusetts, U. S. A., known as the Massachusetts pump. 
In 1830 a Mr. McCarthy erected a pump in the New York navy 
yard which was credited to have approached the efficiencies of 
the present day. In 1846 Andrews produced pumps of this type, 
and about this same time John and Henry Gwynne of England 
commenced the manufacture of centrifugal pumps as a commer- 
cial enterprise. Appold exhibited a model of a centrifugal pump 
at Birmingham in 1849, and at the Crystal Palace Exposition in 
London in 1851, Appold’s pumps were an important feature. 

3. All of the pumps above referred to were pumps in which 
there was a single impeller or runner. Some of these pumps had 


* Presented at the Scranton meeting, June, 1905, of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the Transactions. 
+ For further discussions on this general subject consult Zransactions as 
follows: 
No. 214, vol. 7, p. 598: ‘‘ Relative Efficiency of Centrifugal and Reciprocating 
Pumps.” Wm. 0. Webber. 
No, 274, vol. 9, p. 228: ‘‘ Centrifugal Pumps and Their Efficiencies.” Wm. O. 
Webber. 
No. 763, vol. 19, p. 255: ‘‘ Tests of Centrifugal Pumps.” R. C. Carpenter. 
No. 877, vol. 22, p. 262: “Tests of Centrifugal Pumps.” W. B. Gregory. 
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the suction upon one side only, and some, like the Massachusetts 
and Gwynne pumps, had double suction inlets or openings on 
either side of the pumps. All of these pumps were made for 
comparatively low lifts and large quantities of water, and were 
not productive of very high efficiencies. 

4. From 46 per cent. to 60 per cent. seems to have been the 
best results obtained with pumps of this type under heads varying 
from 4$ to 15 feet. These pumps were directly connected to 
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Fig. 266.—Derai. or THE A. C. E, RATEAU CENTRIFUGAL PUMP. 


steam engines, and duties of from five and one-half million to 
forty-eight million foot pounds per one hundred pounds of fuel 
were obtained. 

5. Forty feet was formally considered the maximum height at 
which centrifugal pumps could operate efficiently, and the ex- 
periments of the writer, conducted in 1874, 1875 and 1876, seemed 
to demonstrate that the highest efficiency in the single stage 
pump was found at a height of about 32 feet, and a maximum 
velocity of the liquid being pumped through the discharge orifice 
of the pump of not exceeding 12 feet per second. 

6. In Appold’s experiments he determined that the efficiency 
mainly depended upon the form of the blades in the impeller or 
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vane and the shape of the volute or enveloping case, and that the 
best form for the blade was a curve, pointing in the opposite 
direction to that in which the impeller revolved, and for the case, 
that of a spiral tapering type or volute. 

7. The first engineer who seems to have discovered the value 
of compounding centrifugal pumps—that is, by causing the dis- 
charge of one centrifugal pump (either integrally formed or 
simply in close juxtaposition) to be led into the suction of another 
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Fia. 267.—Partrat Detain or THE A. C. E. RATEAU CENTRIFUGAL Pump. 


similar pump—was the celebrated Swiss engineer, Sulzer, of Win- 
terther, Switzerland. 

8. Sulzer was pretty closely followed by A. C. FE. Rateau of 
Paris, France, Figs. 266 and 267, John Richards, Fig. 268, and 
Byron Jackson of San Francisco, California, Fig. 269. All of 
these pumps were originally constructed with the impellers facing 
in one direction, and the consequent thrust upon the impellers was 
partially taken up by balancing chambers upon the rear of each 
impeller. This form of balancing was further improved in Ra- 
teau’s pump by a balancing cylinder at the extreme discharge end 
of the pump shaft, into which water was admitted from the dis- 
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Fig. 269.—B. Jackson’s Serres Higu-PRESSURE CENTRIFUGAL PUMP FOR 
HEAbs. 


charge orifice of the pump. Rateau further attempted to improve 
the balancing of his pump by constructing inclosed impellers, hav- 
ing one of the side plates of the impellers of smaller diameter than 
the other, Fig. 270, so that the area of the two impeller side plates 
subjected to the discharge pressure from that impeller was equal. 

9. John Richards also used a balancing piston at the discharge 
end of the pump, directly connected with the discharge pressure, 
and also attempted to further balance a pump of this type by ex- 
hausting the air from one side of the impeller and forcing air in 
upon the other side. See pipes 22-28, Fig. 268. 


Fig. 270.—PArTIAL DerarL or THE A, C. E. RATEAU CENTRIFUGAL Pump. 
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10. Another method of balancing the end thrust of centrifugal 
pumps was by false vanes located upon the outside of the side 
plates of an inclosed impeller, these being designed to relieve the 
pressure upon the outside of such impellers, by establishing a 
counter-llow through the space around the periphery of the im- 
peller and causing a partial vacuum to exist. By making these 
false vanes of different radial lengths on the opposite sides of the 
impeller, the end thrust can be counteracted for any given set of 
conditions, but it is not believed that a pump thus provided with 
balancing vanes will remain in good operative balance if the orig- 
inal conditions are changed. 

11. The diffusion vanes, which form a distinguishing feature 
of the turbine type of pump, are located in the usual whirlpool 
chamber of the centrifugal pump in such a manner as to convert 


2 
26. 


44. 


Fig. 271.—DETAILS OF THE J. RICHARDS COMPOUND ROTARY PUMP. 


the water leaving the impeller at a high tangential velocity into 
a direct radial tlow. This also has the effect of overcoming the 
eddies formed by the water leaving the impeller, thereby reducing 
the excessive internal friction. 

This construction, therefore, causes a centrifugal pump to as- 
sume the converse of a turbine water wheel. The direct radial 
flow becomes of great importance in compound centrifugal pumps 
where the liquid being pumped is to be passed from one impeller 
to another. Many different forms of these diffusion vanes have 
been devised, and John Richards seems to have been the first one 
to form these diffusion vanes’ in a removable annular ring sur- 
rounding the impeller, Figs. 271 and 272, and as these parts are 
subject to considerable wear, their removal and replacement are 
thus rendered convenient and inexpensive. 

12. Sulzer then made the greatest step in the balancing of com- 
pound pumps by placing the impellers back to back in pairs, so 
that one impeller thrust in one direction and the next impeller 
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thrust in the opposite direction. The method which he used, 
however, of conveying the liquid being pumped from one impeller 
to the next required short, tortuous passages, he utilizing the 
fixed guides in the whirlpool space of the pump to form these 
cross-over passages; also, it is believed, that to Sulzer we are in- 
debted for the idea of introducing the guide blade or turbine 
element. 


Fic. 272.—Tue J. Ricuarps CompounD Rotary Pumr’ 


13. John Richards followed Sulzer in placing two impellers 
back to back and differed from Sulzer in passing the discharge 
from one impeller out and around the discharge chamber of the 
final impeller, but only showed this construction in a two-stage 
pump. Fig. 274. 

14. Hochdruck and Sulzer both locate their impellers back. to 
back in pairs and pass the liquid from one impeller through lat- 
eral passages located between the radial vanes of the stationary 
guides surrounding the peripheries of each pair of impellers. In 
this form of construction, while the sum of the discharge pres- 
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sures in one direction balance the sum of the discharge pressures 
in the opposite direction any variation in the suction pressures will 
throw such a pump out of balance. 

15. This is evidenced in that all of the constructions of Sulzer, 
Richards, Rateau and others show a thrust-bearing and balancing 
piston at the discharge end of their pumps, which they have speci- 
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Fic. 274.—DeETAILs OF THE J. Ricuarps CompocnD ROTARY Pump. 


fically stated was put there for the purpose of overcoming the 
residual thrust. 

16. It is the opinion of the writer that there should be no 
thrust, residual or otherwise, left over or unbalanced, in a properly 
constructed pump. 

17. The writer believes that he is the first one to design an 

_ absolutely balanced compound centrifugal pump, by causing the 
impellers to be placed back to back, but not in pairs serially de- 
posed; and in producing results, from the method in which he 
sequentially connects the different impellers, so that both the sum 
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and difference of the suction and discharge pressures of all the 
impellers in any compound centrifugal pump equalize and balance 
each other. 

18. Some of these different types of pumps may be of interest. 

Fig. 275 shows a half section of one of the writer's six-stage com- 
pound pumps. 

Fig. 276 shows two spherical compound pulps coupled in series 
for very high lifts, the motor in the center, driving both pumps 


Fig. 275.—10-1NCH Six STAGE SPHERICAL Pump. 


at a constant speed, the second pump of the series being made 
practically twice as heavy as the first pump of the series, which 
takes the water practically under no pressure. 

Fig. 277 shows a four-stage spherical pump coupled to a 50 kw. 
motor. 

Fig. 278 shows a very large two-stage spherical pump, directly 
connected to a 1,400 horse-power alternating current generator, 
used as a motor. 

Fig. 279 shows a ten-inch, ten-stage spherical pump, directly 
connected to a 10-20 by 12 vertical eross-compound engine. 

Fig. 280 represents a vertical turbine sinking pump, directly 
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connected to a vertical motor, enclosed in a cast iron housing. This 
form of pump is designed to be lowered into a shaft and to fol- 
low the work of excavation as the shaft is carried down. 

Fig. 281 represents a vertical turbine pump in the bottom of a 
shaft, directly connected by a vertical shaft to a horizontal tan- 
dem compound steam engine with vertical pillow-block bearing. 


Fia@. 278, 


19. Carl Lager, of Syracuse, New York, has also designed a 
pump in which the sum and difference of the suction and discharge 
pressures of all the impellers in any compound centrifugal pump 
equalize and balance each other, but accomplishes his result’ by 
placing his impellers in pairs, facing each other, with a diaphragin 
on an angle between the two impellers, he confining his discharge 
from one impeller to a certain locality upon the periphery of the 
pump and not entirely around the periphery. 
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20. Still another interesting feature in regard to compound 
centrifugal pumps is the requirement to discharge a given quan- 
tity of water to a desirable height, and then twice the quantity 
of water to practically one-half of the original height without 
changing the speed of the pump. 

21. This requirement is met with in barometric condensers 
where it is required to discharge sufficient water over the top of 


Fie. 280. 


an inverted syphon to start the syphon, and then, having started 
the syphon and receiving the benetit of its action, to supply at least 
double the amount of water to the lower head required when the 
syphon is in action. 

22. This is accomplished by placing two centrifugal pump im- 
pellers back to back, providing each with its own suction and dis- 
charge passages, but also providing a passage by which one im- 
peller may discharge into the suction of the second impeller, and 
further providing valves by which the independent discharge of 
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the first impeller may be cut off and it forced to discharge through 
the second impeller, and the supply of the second impeller cut off 
and it forced to take the discharge of the first impeller, by which 


a SERVOSS, ENG'R, N.Y. 


Fie. 281.—VERTICAL TURBINE Pump. 


arrangement the two impellers may be run in parallel or series, 
as may be desired. 

23. Still other improvements have been made in which multiple 
stage pumps are provided with a plurality of inlets, or outlets, as 
50 
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the case may be, so that the pump at will may be’ made to dis- 
charge from any of its impellers. This system was devised to 
have a fire pressure and a tank pressure supplied from the same 
pump at will, or to take care of an ordinary flow at a point of 
maximum economy and have the same pump take care of a storm 
overtlow for a temporary period, without relation to economy— 
this being done to avoid the unnecessary expense of installing a 
second complete unit. 

24. With the present type of multiple stage centrifugal pumps 
this pump at once offers the solution of pumping large quantities 
of foul, or dirty water, often impregnated with foreign material, 
to a considerable height, such as the pumping out of iron, coal and 
other mines. 

25. The combination of this type of pump, directly connected 
to high-grade compound condensing steam engines, provided with 
automatic cut-offs, presents an economical type of waterworks 
pumping engine, occupying approximately one-sixth of the room 
of the ordinary high duty pumping engine, and costing one-sixth 
the price, and giving duties very nearly in comparison to the best 
engines of these types. 

26. For instance. A 20-inch six-stage pump directly connected 
to a 15-30 by 16 compound engine, with steam at 200 pounds, 
would easily give a duty of 90,000,000 foot pounds per 1,000 
pounds of dry steam. This pump would be capable of lifting 
20,000,000 gallons of water, per day of twenty-four hours, to a 
height of 185 feet, and with 100 degrees of superheat and 28 
inches of vacuum, such an outfit would readily give from one 
hundred to one hundred and five million foot pounds duty. 

27. These pumps, directly connected to electrical motors, pre- 
sent practical solutions of many unique problems where it is de- 
sired to pump water to extreme elevations. 

The writer recently figured on a plan of this sort, to pump a 
thousand gallons of water a minute to a height of 6,000 feet, 
using five compound units, each pumping 1,200 feet, two pumps 
working in series constituting each unit with a motor between, as 
shown in cut herewith. This insulation was designed for furnish- 
ing a water supply for the British summer capitol at Simla, India. 

Two questions are continually coming up in relation to centri- 
fugal pumps: 


28. One is the revolutions per minute required to discharge any 
given quantity of water to a given height, and the second is the 
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necessary reduction of speed required to discharge a smaller 
amount and the necessary increase in speed required to discharge 
a larger amount than the normal, or most efficient capacity of a 
pump. 

29. The old formula of Appold, which was 


in which //f was the static head in feet, and Cf the circumference 
of the impeller in feet; the quantity 500, used as a multiplier, was 
supposed to be the V 2eh x HO equal to 480 feet per minute plus a 
constant necessary to overcome internal friction, and the constant 
550 the additional velocity in feet per minute necessary to give 
some indefinite quantity of discharge. 

30. All of the writer’s experiments have shown that, probably 
owing to the water in the whirlpool space actually pumping water, 
which has the effect of increasing the actual diameter of the im- 
peller to a diameter equal to about half the depth of the whirlpool 
space, the square root of 2gh., for pumps with whirlpool spaces, 
should be equal to about 425. 

31. It was also further demonstrated that the width of the 
opening at the periphery of the impeller had a great deal to do 
with determining the amount of the constant to be added for any 
required amount of discharge, and the writer evolved it into an 
equation like this: 

Dx 3.1416 x W_ Vx 


in which D equals impeller diameter; W equals width of opening 
at periphery of impeller, and # equals area at the neck of the 
discharge aperture of the pump; the resultant r being the ratio 
that these two bear to one another, and in the second formula V 
equaling the velocity in feet per second through this same dis- 
charge aperture; the resultant ¢ being the actual feet per minute 
of peripherical speed necessary for the discharge represented 
by V. 

32. These formulas give a speed curve which would be correct 
if the resistance due to the velocity of discharge was constant, 
which, however, is not a fact, so that empirical percentages must 
be added to, or subtracted from, this result, as the discharge is 
above or below the normal speed. 
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33. Fig. 282. The line marked “ estimated R. P. M.” repre- 
sents the theoretical, and the line marked “ actual R. P. M.” the 
revolutions per minute required to discharge the quantities of 
water through a 5-inch aperture, at an elevation of 17.16 feet. 
In other words, the “ estimated ” line would represent the revo- 
lutions per minute for static head J/, whereas the “ actual ” would 
represent the R. P. M. at the dynamic head, or H + h. 
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34. These figures are based on the test which was the subject 
of a previous article published by the writer in vol. 7 of the 
Transactions, in which the ratio r between the area through the 
periphery of the impeller and the discharge area of the pump was 
as 3.8 is to 1. 

35. Figs. 283 and 285 represent actual revolution curves for 
given discharges for larger apertures, and show the relation be- 
tween such revolutions at different heights of discharge. 

36. Fig. 284 is a rating sheet made from the tests of a 6-inch six- 
stage spherical pump in which the ratio r is 1.83 to 1, and gives 
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these speed curves up to heights of 1,000 feet. This diagram 
also shows the efliciency curves obtained by throttling the dis- 
charge by means of Fleigner nozzles, the discharge, however, in 
these tests being taken from the weir reading and not depending 
on the pressure due to the nozzle, excepting that this pressure 
was taken to represent // +- h. 


Tests or 6-STAGE SPHERICAL Pump. 


| 
370 we 470 635 R10 R16 


Rev. of pump : 

Dynamic height 14.3166.2 182.5 14 25.3 342 563 587 
Water horse-power 19.05] 19.88 21.6 23.55 27.2) 29.97 325 668.5 101.5 113 124 
Brake horse-power j 42.5 42 35.6 4 47.2 54.8 105 173 199 202 
Efficiency 16.8 68.2 63.5 59.4 565 58.7 56.7) 61.5 

B.ALP | 

Pressure on pump 40 41 6S R5 140 (235 245 
Diam. of dis. nozzle 2 24 1} 1 1} | 1 1 13} 
Pressure at Ww 4! iis 75 104 115 146 160 
Suction, dynami | 10 10 10 10’ 10’ 19’ 2” 


37. It is interesting to note how the efficiencies increase at the 
smaller quantities when pumping at the higher heads. 

38. In this connection would state that we obtained an efficiency 
of 824 per cent. at 12 feet velocity in a single instance, but, not 
being able to repeat the experiment, the writer is still doubtful 
as to its accuracy. 

39. It must be understood, of course, that in all experiments 
of this nature ‘he form of the curve of the impeller blade plays 
a very important part. The writer, by his own experiments, de- 
monstrated that a curve of rolling friction gave a much better 
result than any of the curves described and advocated by Rankine, 
Appold or Unwin, and his data are based upon the curves evolved 
from his own experiments. He is well aware that other results 
will be obtained from other curves, and has devised other forms 
of curves to be used with extremely high revolutions per minute, 
in which entirely different formulas than those quoted have to be 
used. 

40. He finds that these other curves, although necessary for 


certain practical purposes, are always used at a sacrifice of effi- 
ciency. He is also aware that these formulas which he has re- 
ferred to are necessarily crude, involving, as they do, the empirical 
additions and subtractions for velocities above and below a certain 
point, and advances the results he has in the hopes that some dis- 
ciple of Euclid can evolve a more rational form of formula. His 
only other excuse for publishing them is that they work in practice 
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and check exactly results obtained by officers of the Navy Depart- 
ment, and other observers beside himself, on entirely different 
series of tests on similar pumps. 

41. The multiple-stage centrifugal pump therefore offers a prae- 
tical solution for pumping impure liquids to great heights or 
against great pressures, easily and economically, as in mines for 
pumping water containing all kinds of foreign materials for fire 
pumps te maintain a sufficient number of fire streams indefinitely. 

42. Also certain combinations of multiple-stage pumps can be 
readily made to pump a quantity of water to a certain height to 
start a barometric condenser and then twice the quantity to one- 
half the original height after the siphon action of condenser is es- 
tablished to maintain the necessary vacuum at a constant speed of 
pump. 

43. Other adaptations allow of maintaining a variation of pres- 
sures on hydraulic elevators at a constant speed of pump to vary 
the speed of elevators to accommodate variations in the demands 
for service during the different hours of a day. Or discharging 
under several different pressures for varying services or to vary- 
ing heights for similar purposes. In fact the variations to be ob- 
tained by this class of pump seem to be indefinite and only limited 
by the demands for service and the ingenuity of the designer in 
making combinations of the different stages, consequent upon a 
multiplicity of impellers. 

44. This type of pump has come to stay and offers a solution for 
sinking pumps in deep workings, for submerged pumping, for 
auxiliary pumps for water works, and many other combinations 
where electrical driving will allow of operating at a distance and 
without local attendance. They are also, from their extreme sim- 
plicity, absence of valves, ete., as nearly impossible of getting out 
of order and as nearly si fool-proof ” as it is possible to make mod- 
ern machinery. They oceupy a minimum amount of space, ean be 
operated in any position, can be made infinitely strong, do not get 
out of repair readily and can be repaired easily and the working 
parts renewed readily at a minimum expense. 


DISCUSSION. 


Mr. F. V. Henshaw.—Mr. Webber’s paper is a timely contri- 
bution, as the possibilities of centrifugal pumps are beginning 
to receive general recognition. The new types designed on the 
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multiple stage principle extend the working range of this class 
of machinery to such an extent that we are no longer confined 
to reciprocating pumps for moderate and high heads. 

Possibly the most important result of this development is that 
of greatly increased facility in the use of electric power for 
pumping. 

Outside the boiler room itself electric power is fast. becoming 
universal, and anything which adds to the adaptability to elec- 
tric power of any operation is of value for that reason alone. 

In driving reciprocating machines, the valuable characteristic 
of uniform rotary torque of the electric motor becomes naturally 
a positive disadvantage. Certain speed limits are imposed on 
electric motors by reason of cost and efficiency.. These limits 
are much higher than the corresponding speeds of reciprocating 
pumps, hence double reduction gearing is often required. Pumps 
with less than three cylinders are not suitable for electric drive, 
and even with that number the jar is objectionable. 

The centrifugal pump, on the contrary, lends itself perfectly 
to the speeds and characteristics of the electric motor, and by 
variation in the number of stages it would seem possible to meet 
most if not all conditions of speed and head with economy and 
convenience. 

Available data on the efficiency of multiple stage centrifugal 
pumps are at present incomplete, and I hope that Mr. Webber 
and other workers in this field will soon favor the society with 
additional information on this point. 

Enough is known, however, to indicate that with its other 
advantages the centrifugal or turbine pump stands a fair chance 
of entirely superseding the reciprocating pump for general work 
in lifting water. 

It has even a possibility of competing with the most efficient 
steam machine known, viz.: the high duty waterworks pumping 
engine, by reason of its low cost and the indirect advantages 
due to its adaptability to electric power. 

Consider a water supply system having a number of pumping 
stations in which are electric centrifugal pumps driven from a 
central station through high tension power lines. Against the 
reduced ‘* duty ’’ in such a system there would be all the advan- 


tages of concentrated steam plant at the most desirable location, 
steam turbines, ability to combine in the same station power 
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supply for municipal or general lighting and traction, and small 
cheap pumping stations which could be made nearly automatic. 

There are certainly conditions under which such a system should 
receive serious consideration. In this age of ‘‘ mergers,”’ electric 
power in the engineering field is like the powers of Wall Street 
in another field; it tends to merge things, but unlike the latter, 
takes but a small percentage for its services. 

In further reference to pumping systems, | would ask Mr. Web- 
ber if centrifugal pumps have been used or considered for oil 
pipe lines? Such pumps would seem well adapted to the work 
unless the pressures and the nature of the fluid prevent. For 
example, it would be interesting to know whether the agitation 
of the fluid by the impellers would prevent the deposit of wax 
in the passages of the pump. 

An obvious advantage of such pumps for this work is the 
ability to isolate the pump from its driving power simply and 
efficiently, thus reducing fire risk. 

Mr. Charles N. Trump.—Mr. Webber gives the names of a 
number of engineers who have worked at centrifugal pump build- 
ing, but I find no mention of a plant designed by a member of this 
Society, the late John IH. Cooper. 

During May, 1898,I was presented with a manuseript * endorsed, 
“The Centrifugal Pumping Plant, at Mare Island Navy Yard, 
California, by John H. Cooper, M. E.,” and for record in the 
Proceedings I quote as follows: , 

“A marked departure in centrifugal pump building in this 
country was inaugurated in the year 1884. 

“ During this vear an example of superb stone dock arehitec- 
ture was nearing completion within the extended precincts of 
Mare Island Navy Yard, California. 

“ For emptying this dock of its seventy-nine millions of gallons 
of water, within the practical limits of time necessary to safely 
secure a vessel therein, there would be required an adequately 
proportioned pumping ‘ mechanism.’ 

“To this end, proposals were issued by the United States Gov- 
ernment for a plant, to consist of a pair of centrifugal pumps 
having an aggregate average discharge of 80,000 gallons per min- 
ute, and a drainage pump with an average delivery of 2,000 gal- 


* Paper read April 14, 1893.—Printed in Journal Franklin Institute, Vol. 
Cxxxviili, pages 251 to 258. 
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lons per minute, together with the necessary pipes, valves, ete., 
to connect them with the suction wells of the dock and to the 
discharge culvert . . including propelling engines, bed- 
plates supporting them, and full * equipment for operating the 
same.’ 

* No general plans or details were furnished; the plant was to 
be delivered and erected in a house to be prepared by the Gov- 
ernment, beside the dock, to which steam would be conveyed from 
boilers furnished by the department. 

* This contract, awarded to the Southwark Foundry and Ma- 
chine Co., of Philadelphia, bears date July 31, 1854, and to the 
writer of this article (John H. Cooper) was entrusted the entire 
formulation of the design and the conception and arrangement of 
its details. 

Two 42-inch centrifugal pumps—each pump directly connected 
with an engine having steam evlinder, 28-inch diameter, 24-inch 
stroke *—were installed, for emptying the great bulk of water 
from the dock. 

One 8-inch centrifugal pump—its engine with steam cylinder, 
12-inch diameter, 10-inch stroke—was put in for completing the 
discharge and for continuously removing water of infiltration 
from the dock. 

The two main pumps were tested together by the board ap- 
pointed for that purpose, April 20, 1886. As quoted by Mr. 
Cooper, their report reads: 

“ During a pumping period of fifty-five minutes the dock had 
been emptied from the twenty-third to two inches above the sixth 
altar, containing 6,210,698 gallons, an average throughout of 
112,698 gallons per minute. At one time, when the revolutions 
were increased to 160 per minute, the discharge was 137,797 
gallons per minute.” ¢ 

“In practice it would be impossible to secure a vessel in the 
doeck—so rapidly was the water removed—at the time of trial, 
and it is without parallel in the world that so large a dock, with 
its 7,000,000 gallons of water, has been emptied in fifty-five 
minutes. One pump will do all that is required to empty the dock 
in use, and then it will require sharp work to properly shore the 
vessel, to replace the rapidly receding water. 

* Engines and pumps mounted on attached bed plates, forming one firmly 
united and self-contained whole. 

+ Head varied from nothing at start to 35 feet at finish. 
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* Indieator ecards taken at various intervals gave 796  horse- 
power for the main engines. The revolutions did not exceed 160 
at auy time, though it was estimated that 900 horse-power and 
210 revolutions would be necessary to attain the requisite de- 
livery. * 

Test of the engine-driving drainage pump developed 32. horse- 
power, steam pressure 55 pounds per square inch, 350 revolutions 
per minute. This pump gave records beyond requirements of con- 
tract, and did all its work under extreme head, 35 feet. 

The plant was afterwards duplicated by the Southwark Foundry 
and Machine Co., at Pensacola, Florida. 

Mr. Fred Ray.—There cannot be much doubt but that the 
credit of constructing the first compound pump belongs to some 
one of the various designers who have been developing this type 
of pump in California for the last twenty-five years or more. 
Just who, I am unable to state, but would call your attention to 
a patent granted to John Richards, March 31st, 1885, which 
shows a two-stage pump exactly similar in principal to the stage 
pump of to-day. 

The author of the paper under discussion has gone into the 
subject of balancing quite extensively, but still has omitted much 
that isof interest. The methods of balancing shown in Figs. 266, 
267 and 268 are almost the same, and are neither theoretically nor 
practically correct for the reason that the pressure which causes 
the unbalanced thrust is the difference between the suction and 
the periphery of the impellers, whereas the pressure water for 
the balancing piston is obtained from the discharge of the pump, 
and has been affected by the diffusion vanes of each stage. Con- 
sequently, in the case of Richard’s pump shown in Fig. 268, the 
area of the balancing piston would be in the same ratio to the 
area of the suction as the total head generated at the periphery 
by any given impeller is to the total head generated between the 
suction of the given impeller and the discharge side of its diffu- 
sion vane. Consequently, for a pump of this design to remain 
balanced, it would require the ratio of these pressures to remain 
constant under the various capacities which the pump would be 
expected to deliver. This, however, is not the case, as can be 
readily determined by anyone who wishes to place gauges at these 
two points. This ratio is the greatest when the direction of the 


* Plant tested, April, 1886. 
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flow of water from the impeller coincides with the angle of the 
diffusion vanes and becomes less as the quantity of water is in- 
creased or decreased from these conditions. Thus it is evident 
that such a pump could only be balanced under certain limited 
conditions. The same reasons apply to the balancing of the 
Rateau pump, only that it is further complicated by cutting down 
the diameter of the back side of the impeller as shown in Fig. 270. 
This construction also reduces the efficiency of the pump, owing 
to the additional friction loss which is caused by the impeller 
being partially of the open type. 

The balance arrangement of the Byron Jackson pump shown 
in Fig. 269 is objectionable, owing to the fact that it requires end 
motion of the shaft in its operation, and consequently cannot be 
applied to the modern high efficiency turbine pump, as it is 
essential that the impeller openings shall coincide exactly with 
the opening in the different vanes. 

There can be no question but that single suction impellers 
mounted in pairs with the suction openings reversed can be 
made to operate in perfect balance as far as end thrust is con- 
cerned. The thrust that each impeller exerts is caused by the 
difference of pressure generated by the impeller between its suc- 
tion and periphery. Consequently, two impellers made identi- 
cally the same, operated at the same speed and pumping the 
same quantity of water, will undoubtedly generate the same 
difference of pressure between their suctions and peripheries, 
provided the fluid which they are pumping is non-compressible. 
It thus seems reasonable that if these two impellers are mounted 
as shown in Fig. 274, the thrust of one will equalize the thrust of 
the other. Since it is the difference of pressure between the suc- 
tion and periphery that causes the end thrust, the actual pressure 
on the suction of either impeller is immaterial. The reason that 
thrust bearings are usually provided with these pumps is due to 
the fact that it is practically impossible to construct the two im- 
pellers identically the same, and also due to the fact that the leak- 
age of the water between the various fits in the pumps exerts a 
great influence on the pressures which cause the end thrust. It 
would be quite possible to take the pump shown in Fig. 274, and 
by slightly altering the fits around the impeller suctions, cause 
an end thrust of considerable magnitude to occur in either direc- 
tion. It can be readily seen from this that no matter how per- 
fect the pump may be constructed when new, the effect of wear 
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is liable to cause an end thrust after the pump has been in actual 
service. It is also evident from the above that it makes no ma- 
terial difference in what sequence the impellers are arranged in 
multi-stage pumps as long as half of the suction openings point 
in one direction and the other half in the opposite direction. If 
single suction impellers arranged in pairs will not operate in 
balance, as the author of the paper states, we would like to know 
the arrangement of the impellers in his two-stage spherical 
pump. 

The method of balancing, consisting of placing a balance cham- 
ber of equal diameter to the suction opening on the rear of each 
impeller and having passages connecting to the suction, is the 
best method known for balancing the end thrust of the impel- 
lers, as is shown by the fact that it is used by some of the leading 
pump builders of both this country and Europe. The writer 
would be pleased to show anyone that is sufficiently interested 
in the matter to visit the works of Henry R. Worthington, Har- 
rison, N. J., pumps operating in perfect balance having impel- 
lers either single suction mounted in pairs or single suctions with 
balance chambers on the rear. The spherical pump illustrated 
by the author of the paper seems to have been designed to obtain 
the arrangement of impellers which the author of the paper be- 
lieves to be necessary to obtain a balanced end thrust. This de- 
sign, however, seems to make an extremely large, heavy and 
expensive pump, and in the opinion of the writer accomplishes 
no results but what can be obtained by the far simpler construe- 
tion in use by all of the best-known pump manufacturers. 

One of the most important points in the design of high speed, 
high pressure turbine pumps is the shaft bearings. To operate 
satisfactorily, these bearings must be entirely removed from any 
possibility of contact with the water being pumped, and they also 
must be provided with self-oiling arrangements, and otherwise 
made equal to the bearings which are furnished with all classes 
of high speed electrical machinery. This seems to have been 
entirely neglected in the design of the spherical pump as shown, 
although such bearings have been furnished for sometime past 
by all the leading manufacturers of pumps all over the world. 

The requirements met with Barometric condensers can be ful- 
filled by means of a single impeller pump if such is properly de- 
signed. It is standard with the Henry R. Worthington Com- 
pany to furnish single impeller volute centrifugal pumps with 
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their Barometric condensers of such a design that they will deliver 
about half their normal capacity over the top of the syphon, and 
their full capacity whén the vacuum in the condenser is ob- 
tained, the speed and power remaining constant. Pumps of this 
type can be seen in continuous operation at the Power Station of 
the United Electric Railways in Baltimore. 

It might be well to call your attention to the fact that multi- 
stage pumps provided with a plurality of inlets are covered by U. 
S. patent No. 765935, granted the writer, July 26, 1904, and that 
the multiple discharge openings with such a pump have beea pat- 
ented by Sulzer. Such pumps are used mostly for sinking pumps 
in mining services. 

There seems to be a general opinion that the centrifugal pump 
van handle any kind of water satisfactorily. This, however, in 
the case of high pressure, high efficiency turbine pumps, is not 
so, as these machines have to be accurately constructed and highly 
finished in all parts, and any dirt or foreign material which may 
enter the pump can only result in wear and decreased efficiency, 
although pumps of special composition can be constructed to 
withstand the action of acid mine water. There is no similarity 
between the dredging pump and the high efficiency turbine pump. 
Nothing but failure can result from attempting to use the turbine 
pump as a dredging pump. 

The writer is naturally an exponent of the centrifugal pump, 
but there are some conditions for which he would never think 
of recommending a centrifugal pump, if it could be avoided, and 
these conditions are just the ones which the author of the paper 
has selected to illustrate what can be done with the centrifugal 
pump. He proposes to pump twenty million gallons per day 
against a head of 185 feet with a 15-30 x 16 compound engine. 
The work which he proposes to do requires about 645 water 
horse-power, and he proposes to do it with an engine which, at 
a very liberal rating, would not deliver over 500 horse-power. 
Todo this work would require about a 1000 horse-power engine, 
and, as the author of the paper states, about 90 to 100 million 
duty would be all that could be expected from the outfit. Such 
an engine and centrifugal pump would cost as much as a high 
duty pumping engine, which would give a duty of about 150 mil- 
lion foot pounds per thousand pound of steam. Thus it can be 
readily seen that there is not much of a field for the centrifugal 
pump in this line until the steam turbine driven centrifugal pump 
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is brought to a degree of perfeetion which will compart more 
favorably with the high duty pumping engine. 

It is, however, an entirely different proposition when hydraulic 
generated electric power is available, for then it is possible to 
obtain the high speed necessary to make an efficient and inexpen- 
sive pump and motor. The cost of operation will also compare 
favorably with any steam-driven plant. Such an installation as 
this can be seen operating continuously at Schenectady, New 
York, and in the near future there will also be one in operation 
at Buffalo, 

The writer will have to admit that he has been unable to make 
head or tail out of the formulas for speed which the author of the 
paper has worked up from the old formula of Appold. Nor can 
he understand the diagrams illustrating the results from these 
formulas: neither has the writer been able to obtain any results 
which would even approximate what would be expected by in- 
serting various values in the formula given, and believes that it 
has not been correctly stated in the paper. Appold’s formula 
simply being an empirical one, the results which it gives could be 
expected only to approximate those actually obtained from the 
ordinarily designed centrifugal pump, and cannot be considered 
accurate enough for modern requirements. There seems a small 
excuse for using such formulas at this late day, owing to the fact 
that the correct theory of the centrifugal pump is well understood 
by the leading engineers engaged in this work. 

The efficiencies shown on the diagrams and in the tables ean- 
not be considered exceptional, as they have been greatly exceeded 
in this country and Europe. 

Mr. C. C. Wilson. —Mr. Webber must be in error when he speaks 
of the value of v2gh being equal to some number between four 
and five hundred, as this would be true for only one value of h, 
the head, which would be greater than twenty-five hundred feet. 

Now take h equal to the suction and discharge heads, plus 
friction head of suction and discharge pipes. Then, if the pe- 
ripheral speed of a runner be made equal to 1.1 y2gh feet per 
second, the results will be satisfactory when heads vary from 30 
to 60 feet, and vanes of runner are curved back to make a small 
angle with tangent to runner. 


2017Vh 
diam. of runner in inches 


Or 
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It is well known that the straighter the vanes of a runner the 
fewer the revolutions required to obtain a given head, so no 
formula so simple as thosé quoted would fit all cases. 

Unless the formula took account of friction in runner and cas- 
ing as well as delivery head and angle of vanes, it would not be 
suited without change to widely varying conditions. 

Mr. U. B. Rearich.—Neterring to Mr. Webber's paper, par- 
agraph 16, concerning balance against end thrust, our experi- 
ence has shown this to be a very desirable feature, if not essen- 
tial for good results in service. The design should also insure 
perfect balance at all suction and discharge pressures to which 
the pump is subject. 

As paragraphs 25 and 26 mention a probable duty of 90,000,- 
000 with a compound engine, presumably condensing, it may 
be interesting to note the actual results of a 24-hour duty trial 
of a De Laval steam turbine-driven centrifugal pump, made April 
2Ist and 22nd, 1905, at the Mt. Prospect Pumping Station, 
Brooklyn, New York. The pump was designed for 6,000,000 
gallons in 24 hours, and for 175 feet total head. The turbine 
for 150 pounds steam and 28 inches vacuum, no superheat. 

The turbine is of the regular De Laval simple wheel type, 
running at 10,500 revolutions per minute, and gearing down to 
900 revolutions per minute for the pumps. 

The pumps of the series type; that is, two pump cases, each 
provided with double intake balanced impellers, arranged to 
form a two-stage pump. 

Test was started at 4 p.m., April 2Ist, and completed at 4 
p-m., April 22nd, and conducted by Mr. R. P. Bolton, expert 
for the city. 

All readings were taken every ten minutes. All steam passing 
through the main pump and auxiliaries was condensed and 
weighed together with drips. The discharge from the pump was 
measured by a Venturi meter. All gauges were checked for 
accuracy by use of a mercury column, after the test, and the 
results corrected to correspond. The figures are, therefore, 
quite trustworthy. The results, as reported by Mr. Bolton, are 
as follows: 


Speed of pump runners 907} r.p.m. 


Water from condenser (steam used by turbine pump)... 104,551.50 lbs, 
51 


= 
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Heater drips (steam used by air pump)................- 2,180.00 Ibs. 

Percentage of moisture in steam. per cent. 

Dry steam supplied to turbine and auNiliaries.......... 106,773.51 lbs, 

Steam pressure (per 145.83 Ibs. 

Feed water heated—3402.252 cu. ft. @ 61.848 Ibs....... 210,405.47 lbs. 
‘Temperature of feed water entering heater............. 56.078 ° BF. 
Temperature of feed water leaving heater.............. 113.3438 ° F, 

Increase in temperature. 57.265 ° F. 

Front weturned in Water. vised 12,073, 276.274 B.t.u. 
Wet heat charwed to Apparatus. 115, 287,439.266 B.t.u 

Net head (corrected for difference in gauge levels)...... 173,469 ft. 

Water pumped—6,546,899 gal. @ 8.34 54,601, 137.66 lbs, 

Duty (foot pounds per million eee 82,156, 433.33 


Referring to the above it will be found that the duty per thou- 
sand pounds of steam, including all auxiliaries, is 88,707,440. 
We can also deduct the following from the above: 

Dry steam supplied to turbine pump 103,391 


From these appended data it will be seen that the duty of the 
turbine pump, exclusive of drips, is 91,609,567, and that the 
duty, including drips from the turbine, is 90,523,866.30518, 

It will be noted that a 28.8-inch vacuum was maintained in 
the turbine case. While this was probably somewhat in favor of 
the turbine, the machine was nozzled for 274-inch vacuum, and 
consequently did not get the full benefit of the great increase in 
vacuum over what the machine was designed for. With 200 
pounds steam pressure, 28 inches vacuum, and 100 degrees super- 
heat, from our experience for the turbine end of the machine 
only, the efficiency would be bettered in practice such an amount 
that the duty would figure 103,000,000. It will be noted that 
this is a much smaller pump than the imaginary pump cited by 
Mr. Webber. 

Mr. H. H. Suplee.—I would like to say a word about the 
pumps to which Mr. Webber refers, built by Mr. Cooper. I 
had the pleasure of examining those pumps at the time they 
were built at the Southwark foundry in Philadelphia. Mr. 
Cooper was there at the time, and I remember that he spoke 
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particularly of the difficulties that he had had with them. He 
said there was very little available literature on the subject, and 
that he had to work out every detail from the beginning. The 
‘ases of these pumps were so large that he was afraid he would 
have to cut them in two in order to ship them out to California 
by rail, or else send them around all the way by water. Finally 
they got a long coal car and placed the two cases on it side by 
side, and, by cutting the bottom of the car out, and letting the 
cases down as far as they could, they were enabled to ship them 
by rail, as they just cleared the low bridges and the tunnels. 
These pumps were a great success. 

There is one point that I would like to call attention to in re- 
gard to the shape of the runners in the centrifugal pump. There 
have lately been a number of experiments made by James Alex- 
ander Smith, of Melbourne, Australia, using a miniature pump 
with glass sides to the case, projecting the image on a screen 
with a stroboscopic apparatus so that the moving parts can be 
made to appear stationary and the flow of the liquid demonstrated 
with different-shaped runners, and in that way the most effective 
shape found. He has published two papers, to be found in the 
Transactions of the Victorian Institute of Engineers, and his 
conclusions were that a very nearly radial vane gave the best 
results. These papers are on record and can easily be consulted. 

Mr. D. J. Lewis, Jr.—I might say, Mr. President, that I was 
associated with Mr. Cooper at the time he built those pumps for 
the Mare Island Navy Yard, and what bothered him most was 
the guarantee that the government required, which was that 
after the pumps were tested, if they did not come up to the re- 
quirement they would have to be taken out and the plant re- 
stored to its original condition. So he made his test on the 
drainage pump, which was a 16-inch pump, and he found that 
he was about 25 per cent. over the guarantee. 

Pumps just like those can be seen in the Simpson dock at the 
Brooklyn Navy Yard, in the Navy Yard at Portsmouth, Va., 
the League Island Navy Yard, and in the first dock of the New- 
port News Shipbuilding Company—all of the same pattern. 

Mr. Rice—This paper gives the present state of the published 
mathematics of the centrifugal pump very clearly. I have tried 
to find some mathematical treatment of this subject in published 
form, but without success. A rational mathematical treatise 
on centrifugal pumps would undoubtedly lead to improvements 
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in design, which would in turn lead to increased duty. At the 
present time the low duty obtainable from these pumps forms an 
insuperable obstacle against centrifugal pumps for high duty 
service. When this obstacle is overcome centrifugal pumps 
driven by turbines will form an ideal form of pumping engine, 
and should take the field to the exclusion of other forms of 
pumping engines. The fact that the centrifugal pump has only 
one moving part, that it has no valve, and that it is extremely 
simple and low in cost, will, I think, sufficiently demonstrate its 
possibilities. 

The author states that the form of curves used for his impeller 
plates is extremely efficient, but the efficiency curves given do not 
seem to bear this out. Efficiency curves published by other ex- 
perimenters have shown equally good results. 

Mr. W. I. Morse.—There is one phase of this subject that 
has not been touched upon, and that is the possibility of com- 
bining a centrifugal pump with a gas engine, and thus obtain- 
ing an etticiency which is fairly comparable with a high duty 
pumping engine. That can now be accomplished. The etficiency 
of centrifugal pumps is now demonstrated and guaranteed as 
at least 65 per cent. Indeed, I know pumps that are giving an 
efficiency of 74 per cent. in Schenectady. When I was in Aus- 
tralia last year I heard favorable reports of pumps in South 
Africa which were reputed to be giving an efficiency of SO per 
cent., although I do not vouch for them. Assuming, however, 
that the efficiency is 65 per cent., and that you can connect one 
of these pumps to a gas engine, we can obtain a duty of be- 
tween 120 and 130 million foot-pounds per one pound of coal, 
and if we assume 75 per cent. efficiency, we can obtain a duty 
of 145 to 150 million. I realize that high duty pumping en- 
gines have exceeded that duty, but I do not think you will find 
that they will hold up in actual practice even to that. More- 
over, it will be found that the cost of the plant of a high duty 
pumping plant, as compared with a gas engine, installation, will 
be considerably greater. By that I mean, if you compare the 
cost of boilers, stacks, settings, and high duty engines with the 
cost of the gas producer, holder, the gas engine and the centrifu- 
gal pump, you will find that the costs of the machinery is about 
one-third less. I am referring to a plant that I figured on re- 
cently for about 20,000,000 gallons per 24 hours, and a head of 
250 feet. Such a plant is to be particularly considered in lo- 
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calities where there is a fuel not well adapted for steam raising, 
as for irrigation in the West, and the tests made at the St. Louis 
Exposition have shown that good results can be obtained by 
gasifvying poor Western coal. 

The President.—VPerhaps in Scranton it might be well to sug- 
gest that these culm heaps might be utilized in that way. 

Mr. L, A. Zohe.—I would like to ask the last speaker who 
is the manufacturer of the pumps that give that high efficiency ? 
I know of an installation where a guarantee of 65 per cent. was 
offered, but the efliciency was never reached. 

Mr. Morse.—I think that the Worthington Company will 
guarantee an efficiency of 65 per cent. for pumps on any reason- 
able head. I will say that these figures were not given to me 
by the Worthington people. 

Mr. Zohe.— My modesty will not permit me to mention names, 
but I think it is not practical for centrifugal pumps for actual use 
to figure very much over 60 per cent. I know some manufac- 
turers give 75 per cent., but I think practical demonstrations very 
rarely go over 60 per cent., and they are more likely 40 per cent. 

Mr. Morse.—About six years ago I tested some pumps which 
are now in the filtration plant at Albany built by the Lawrence 
Machine Company. They were guaranteed for 65 per cent. 
efficiency, and they actually gave that percentage on tests. 

Mr. Mattes.—llas the development of the multiple stage cen- 
trifugal pump reached that point yet where a guarantee is given 
regardless of the head? My own understanding, without any 
experience with other than single stage centrifugal pumps, has 
been that after the head passed a critical point the curve of effi- 
ciency drops, and with an ever increasing rate of decrease. 
Another point that I should like to call attention to is that Mr. 
Morse’s remarks largely refer to the power ends and not to the 
pumps. It was in large part an argument in favor of the gas 
engine; but we can use the gas engine to propel reciprocating 
pumps as well as rotary pumps. It seems to me that is a matter 
entirely separate from the question of pumps. 

The President.—Mr. Rice has referred to the mathematics of 
the centrifugal pump. I made some studies and experiments on 
centrifugal pumps about ten or fifteen years ago, and came to the 
conclusion that the mathematics, when they were finally worked 
out for the practical constructor, would be of a somewhat simple 
nature, and that the problem would be very much that of the 
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turbine. Those of you who have studied the turbine question 
know that there has been no end of complicated formule worked 
out for determining the best form of turbine bucket, but, never- 
theless, the best turbines have been built not so much from the 
curves of mathematicians as by the pattern makers under the 
guidance of men who had a sense of the fitness of things and of 
forming their channels and water ways so as to avoid eddies and 
shock to the current. I think it will be very much the same 
with the centrifugal pump, that the necessary mathematics are 
of a simple order and relate mainly to the fundamental propo- 
sitions, and that the main thing is to keep the fluid friction in 
the space between the vanes and the case at a miniiium and to 
shape the vanes at their extremity so that as far as possible they 
throw the water back, depositing it as nearly as possible in a 
condition of rest, very much as is an essential feature in the dis- 
charge of a turbine duct. And just as our best turbines have 
been built, not by mathematicians, but by ingenious, thoughtful 
mechanics, repeatedly cutting and trying and testing in such a 
place as the Holyoke testing flume. I think the centrifugal 
pump of the future will be perfected by a testing flume such as 
Mr. Webber began with at Lawrence, and designing the shape 
of the buckets or vanes by a process of ‘cut and try,’’ under 
the supervision of someone who has a full command of the sim- 
ple fundamental theory of the flow of water through passages, 
and a conception of shaping the passages so that a minimuin of 
eddy will be produced. 

Mr. William O. Webber.*—Replying to Mr. Henshaw, would 
say that I have obtained 65 per cent. efficiency with careful tests 
on a 6-inch pump, and 47 per cent. efficiency with as small as a 24- 
inch two-stage pump, pumping against 53 pounds pressure. This 
would lead us to believe that we can get at least 70, and possibly 
75 per cent. of efficiency on multiple stage pumps of 15 or 20- 
inch discharge. 

I know that centrifugal pumps have been used for pumping 
oil and kerosene, but should not think that they would be appli- 
cable to oil pipe lines for tlie reason that the flow in these lines 
must be necessarily at a very low rate in order to obviate skin 
friction. 

The Mississippi River Commission, in ‘‘ Reports of Efficiency 


* Author’s Closure, under the Rules. 
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Tests of Hydraulic Dredges,”’ January 23d, 1904, reports many 
tests, some as high as 80 per cent. efficiency of pump alone, and 
a combined efficiency of pump and engine of 74 per cent. These 
tests are with steam at from 130 to 150 pounds pressure, 23 to 
24 inches of vacuum, speeds from 125 to 160 revolutions per 
minute. The pumps were large pumps of 32 to 34 inch discharge, 
with impellers from 5 feet to 7 feet in diameter, the suctions 
varving from 5 to 20 feet, and discharges varying from 12 to 40 
feet. 

They draw the conclusions that ‘‘ the most efficient speed for 
centrifugal pumps, for the size under consideration, is one giving 
a peripherical velocity of about 50 feet a second, and that the 
most efficient head is from 45 to 50 feet; that the closed, or 
shrouded, runner, while being a necessity to prevent abnormal 
wear of pump casings and runner (in dredging pumps), and thus 
increasing the clearance and decreasing the efficiency very rapidly, 
is also somewhat more efficient than an open runner, even with a 
small clearance, the tests showing from two to four per cent. in 
favor of the enclosed runner; that the tapering blades on the 
runner and curved vortex chambers are slightly more efficient, 
but that the additional expense of construction and maintenance 
is hardly warranted by the slight gain; that the area of the 
opening in the suction head and discharge pipes should be ap- 
proximately the same in order that the velocity may be main- 
tained at a nearly constant rate.”’ 

The writer was very glad to see Mr. Rearick’s paper upon 
‘“* Tests of De Laval Steam Turbine,” at the Mt. Prospect Pump- 
ing Station, Brooklyn, N. Y. I have no doubt that such results 
can be duplicated. 

Replying to Mr. Wilson and Mr. Ray. The writer is pretty 
thoroughly familiar with the theory of centrifugal pump con- 
struction and practice. The only trouble is that the practice 
and accepted theory do not coincide. If Mr. Ray has any the- 
oretical formulas which will fit modern practice, he will benefit 
the profession at large by publishing them. 

The writer has made many tests and experiments on all meth- 
ods of balancing centrifugal pumps, shown in the different cuts, 
and described in the various patents issued in this country and 
abroad, and has failed to find any method of balancing compa- 
rable with that shown in the accompanying cut, on which the 
writer was allowed a United States Patent on June 6th. 
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A multiple stage pump, with a plurality of inlets, is shown in 
a United States Patent to P. Kugel, V. Gelpke, November 3d, 
1903, so that Mr. Ray cannot claim that feature. 

Sulzer’s American patent does not broadly cover the multiple 
discharge openings, but only in combination with multiple inlets. 

The writer bas also been allowed a United States Patent on 
an improved ring oiling shaft bearing, in connection with cen- 
trifugal pumps, which, while removed from contact with the 
water being pumped, does not require a separate bearing to be 
kept in line. 

Mr. Ray’s criticism as to the high duty service, for which he 
would never think of recommending a centrifugal pump, is pretty 
completely answered by Mr. Rearick’s paper, showing such a 
pump doing high duty work. The future will alone show what 
can be done in these lines. 

The writer is sorry that he omitted to give Mr. John H. Cooper 
due credit for the work he did in constructing the Mare Island 
Navy Yard pumps. It had entirely slipped his memory. 

In reply to Mr. W. H. Morse, of New York, would say that 
the writer is experimenting, and has alréady constructed a com- 
bined centrifugal pump and gasoline eagine for contractor’s 
use, and hopes, before long, to make some tests of a gas pro- 
ducer and gas engine directly connected to a centrifugal pump. 

Replying to Mr. Mattes. The writer’s tests would show that 
the efficiency of a single-stage pump drops after passing a lift 
of from 35 to 40 feet. Tests which he has made on multi-stage 
pumps would lead him to state that a guarantee of efficiency could 
be given with a multi-stage pump, almost regardless of the head, 
if the question of first cost was not taken into consideration. 

The commercial side of the question is a very vital one, but 
some really remarkable results could be guaranteed with commer- 
cially possible pumping units. 

The writer fully agrees with the remarks of our President as 
to.how the ideal centrifugal pump will be perfected. 

This paper was largely submitted in hopes that others would 
follow, stating the theories which have best stood comparison, 
with practical results. 
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No. 1092,* 
STEAM ACTUATED VALVE GEAR.t+ 


BY W. H. COLLIER, JACKSON, TENN. 


(Member of the Society.) 


1. Notwithstanding the high engineering talent engaged in 
engine design and the vast number of improvements made in re- 
cent years, it still appears to be possible to greatly improve the 
present types of reciprocating engines when efficiency and con- 
struction are considered. Attempts to secure a perfect distribu- 
tion of steam by mechanically operated valve gears have neces- 
sarily resulted in complicated mechanism and excessive friction 
in these parts and usually in limits to the rotative speed of the 


* Presented at the Scranton meeting (June, 1905) of the American Society 
of Mechanical Engineers, and forming part of Volume XXVI. of the 7Jrans- 
actions. 

+ For further discussion on this general subject consult Transactions as follows: 
No. 31, vol. 2, p. 124: ‘‘ Brief Treatise on the Steamboat Cam.” Lewis Johnson 
No. 97, vol. 4, p. 150: ‘‘ Back Pressure on Valves.”” 8. W. Robinson. 

No. 116, vol. 4, p. 268: ‘‘ Balanced Valves,” C.C. Collins. 

No. 130, vol. 5, p. 84: ‘‘ Motion Curves of Cut-off Valves." A. Wells Robinson. 

No. 335, vol. 10, p. 521: ‘‘ Cornish or Double-Beat Pump Valves.” A. F. Nagle. 

No. 567, vol. 15, p. 177: ‘‘ Buckeye Engine Valve Gear.” A. K. Mansfield. .« 

No. 616, vol. 16, p. 117: ‘‘Cam for Actuating Valves of High Speed Steam En- 
gines.” Charles T. Porter. 

No. 617, vol. 16, p. 134: ‘‘ Improved Centrifugal Governor and Valve.” Charles 
T. Porter. 

No. 769, vol. 19, p. 449: ‘‘ Stevens Valve Gear for Marine Engines.” Andrew 
Fletcher. 

No. 798, vol. 20, p. 42: ‘‘ Valve Gear of the Willans Engine.” John Svenson. 

No. 809, vol. 20, p. 475: ‘‘ Allen Valve for Locomotives.” C. H. Quereau. 

No. 824, vol. 20, p. 967: ‘‘ New System of Valves for Steam Engines, Air En- 
gines and Compressors.”” F. W. Gordon. 

No, 920, vol. 23, p. 151: ‘‘New Valve Gear for Gas, Steam and Air Engines.” 
E. W. Naylor. 

No. 1017, vol. 25, p. 138. ‘‘Improvement of Valve Motion of Duplex Air Com- 
pressor.” §S. H. Bunnell. 

No. 1022, vol. 25, p. 2121: ‘‘ Construction and Efficiency of a Fleming Four-valve 
Engine Direct Connected to a 400 kw. Generator.” Benj. T. Allen, 


| 


802 STEAM ACTUATED VALVE GEAR. 


engine, while the point of cut-off in most cases is limited to one-half 
stroke with a constant point of compression. 

2. These objectionable features, it is believed, have been over- 
come by the engine described in this paper and, aside from sim- 
plicity of construction and increased economy due to high rota- 
tive speed and minimum clearance, the following advantages are 
claimed: 

a. Perfect distribution of steam. All movements of valves are 
full and instantaneous, the cut-off varving under control of gover- 
nor from no load to full load, with variable compression. 

b. Closer regulation. The governor has absolutely no work to 
perform, but merely indicates the point of cut-off. 

c. No safety device is necessary, as the speed limit is governed 
by the velocity of the steam through the admission port of the gov- 
erning valve, whieh makes it absolutely impossible for the speed of 
the engine to increase 50 per cent. above that for which it is de- 
signed. 

d. A higher rotative speed of the engine. The speed of the en- 
gine is limited by piston speed only. 

e. The engine is reversible. It may, by means of a sliding key, 
be started, stopped or made to run in either direction. 

f. A valve gear in which it is impossible to get the valves out 
of adjustment. 

g. A more economical valve gear. It does away with friction 
and weight of releasing gear, dash pots, rocker arms, eccentrics, 
ete., the steam on the actuating pistons being used expansively. 

3. The following is a description of a 14 by 30 engine running 
100 revolutions per minute, developing from 80 to 120  horse- 
power, which has been in operation ten hours per day for the past 
six months in the power plant of the Southern Engine and Boiler 
Works, and has verified the above claims. 

4. The body or frame A of this device is connected to the side 
of the cylinder as shown in Figs. 286, 287 and 288. 

5. The controlling valve B is connected to the gears J and J, by 
a sliding kev Q, and in such a way as to engage either of the gears 
J or Js, or it may occupy a central position, in which position the 
gears are free to move on the sleeve AK. The shaft 1, which is fixed 
to the controlling valve B, is connected to that sleeve K’ by a sliding 
key, which causes the controlling valve to revolve with the sleeve K 
but allows a free lateral motion. Lateral motion is imparted to 
the controlling valve B by a bell crank M, which is connected to a 
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governor by the reach rod N. The gears J and J, are caused to 
revolve by the gear O, which is connected to the shaft of the engine 
by the shaft P and gears. The gears are so proportioned as to cause 


the main shaft of the engine and the controlling valve to make the 
same number of revolutions. The two gears J and J, are for the 
purpose of reversing the engine. The valve revolves in the diree- 
tion indicated by the arrow, and if it is desired to run the engine 
over, the controlling valve is connected to the gear J, which causes 
the controlling valve to revolve in the direction indicated by the 
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arrow; if the engine is to run under, the controlling valve is con- 
nected to the gear J., which causes the engine to run in the op- 
posite direction while it revolves the controlling valve B as indi- 


{ | 


28s. 


Fig, 


= 


eated by the arrow. The slots for the sliding key Q in the 
gears J and J, are so located as to give the proper lead to the 
engine. 

6. There are four actuating pistons, C, C., 2, F., which are 
connected to the steam and exhaust valves of the engine by means 
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of the rocker arms U (Fig. 288). The large pistons, ), D., I’, Fs, 


’ 


are for the purpose of cushioning the actuating pistons, C, (., £, 


F£,, in their extreme movements. The ports V are for the purpose 
of allowing a free movement of the pistons D, D., Ff’, F, except at 
their extreme points of movement. 

7. The controlling valve B has a series of oblong and helical 
grooves Which are connected either to the exhaust passage Y, or 
to the steam passage .V by means of ports not shown. 

8. The steam passage .V is connected to the steam pipe I by 
means of the annular groove Y,. The actuating pistons (, C., 2 


4s 


FE, have ports Y, Z at the end of their evlinders. 

% The exhaust passage .Y, extends into an opening in the side 
of the evlinder, which allows the exhaust to pass out through the 
opening .V,, to the main exhaust passage of the eviinder or to the 
atmosphere (Fig. 287). 

10. The helical grooves S,, # control respectively the steam 
and exhaust passages of the evlinders, which contain the actuating 
pistons C, C,, and regulate the point of cut-off, the controlling 
valve revolving in the direction indicated by the arrow, the point 
of cut-off varies as the lateral movement of the controlling valve; 
this lateral motion is caused and governed by a governor connected 
to the reach rod V, and as the controlling valve moves outward 
from the cylinder the helical groove 8, comes more quickly into 
contact with the ports Z, moving the actuating piston inward, 
closing the admission valve of the engine, while at the same time 
the helical groove 2, which is connected to the exhaust passage V., 
uncovers the port Y of the piston C, allowing the steam in that end 
to exhaust through the passage Y,. 

11. The oblong grooves S,, FE, control the actuating pistons (, 
opening the admission valves of the engine, they being parallel with 
the movement of the controlling valve are not affected by the lateral 
movement of the same ; that is, the point of admission remains con- 
stant. The same is true of the oblong grooves F;, S., which are 
on the opposite side of the controlling valve, and which control the 
actuating pistons 2, 2, which operate the exhaust valves of the 
engine during release. The actuating pistons 2, EF, operate the 
exhaust valves of the engine during compression, and are controlled 
in this movement by helical grooves S,, E4 not shown. 

12. The grooves S,, S4, S; and S, are connected to the steam 
passage X, and the grooves and EF, are connected to the 
exhaust passage 
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13. The outlets of ports Y, 7 of the evlinder, which contain the 
piston C’, are diametrically opposite those of the evlinder contain- 
ing the piston (, and in the same vertical plane. The same is true 
of the outlets of the evlinders containing pistons 2 and Fy. 

14. Assume the engine to be rotating in the direction indicated 
by the arrow head and to be on dead center. At this instant the 
oblong passage S, is admitting sterm on the inner face of the aetu- 


Fig. 289. 


ating piston C’, through the port }°, opening the admission valve 
at this end of the evlinder, while the oblong passage E, has opened 
the exhaust passage Z at the opposite end of (,. At the same in- 
stant the oblong groove NS; has uncovered the port )°, forcing the 
actuating piston / outward, opening the exhaust valve at that end 
of the evlinder, the oblong passage / uncovering the exhaust port 
Z at this instant. The engine and controlling valve PB will con- 
tinue to revolve until the helical grooves S,, 2 uncover respectively 
the steam and exhaust ports of the cylinder containing the actuat- 
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ing piston (,, causing the piston to move inward, eutting off the 
steam at this end of the evlinder. The engine and controlling valve 
continue to revolve until the helieal grooves S,, 2, uneover the 
openings Z, 2°, respectively foreing the actuating piston #7 inward, 
closing the exhaust valve at that end of the evlinder, causing the 
stern to he compressed until the end of the stroke is reached, when 
the engine starts on the return stroke the movements of the valves 
are reversed until the engine completes its evele, 

15. It will be observed that as the speed of the engine increases 
the controlling valve 2B (Pig. 287) is foreed outward, that is, away 
from the evlinder by means of the governor connected to the reach 
rod NV, bringing the helieal grooves S., nearer their re- 
spective ports, Which causes an earlier movement of their respective 


actuating pistons. That is, as these helical erooves are forced out- 


291. 


ward they approach nore closely their respective ports, requiring 
a smaller angle of movement in uncovering the same. In the posi- 
tion shown (Fig. 287), the grooves S., L would not uncover the 
ports of the evlinder containing the actuating piston C., operat- 
ing the cut-off at that end of the evlinder until almost half the 
stroke is made; if, however, the controlling valve is foreed outward 
by means of the governor, cut-off will take place earlier and earlier 
until the ends of ports S,, 4 are in the same vertical plane Z, Y 
(Fig. 287), in which case cut-off will take place on the instant 
after admission, and while the engine is practically on dead center. 

16. To start the engine from a state of rest, the pin Q is with- 
drawn until the sliding key is in its central position; that is, oe- 
cupving the space between gears J, J., which allows the sleeve JX’, 
and with it the controlling valve B, a free rotary movement, which 
may be imparted by means of the hand wheel Q, operating the 
steam and exhaust valves of the engine. The hand wheel is re- 
volved in the direction indicated by the arrow, which leaves the 
valves of the engine in the proper position for starting. The key is 
then pushed inward or outward, depending upon which direction 
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the engine is to run, engaging J, or J,, in which position the en- 
gine will continue in motion. 

17. Should it be desired to stop the engine instantly, the pin Q 
is withdrawn until it occupies the space between gears J, J,, dis- 
engaging the sleeve A’ from said gears, and allowing the controlling 
valve B to come to a state of rest, stopping the engine almost in- 
stantly. 

18. The limit of the speed of the engine is governed by the 
width of the slot NS, of the controlling valve B, and this slot con- 
trols the admission pistons (, Cy. The width may be so propor- 
tioned that at the required limit of peripheral speed of the con- 
trolling valve the steam will not have sutticient time to operate the 
admission pistons (, Cy, that is, the width of this port might be 
sufficient to allow the required amount of steam to operate the 
actuating pistons at a certain number of revolutions and would not 
allow sufficient steam at an increase of 50° per cent. above this 
speed, 

19%. A gear embodying the above features is now being applied 
to an air compressor, and it is believed that its application to com- 
pressors is even more desirable than to engines. The above prin- 
ciples may be applied to any stationary engine or locomotive hav- 
ing two or more valves. 


DISCUSSION, 


Mr. F. M. Rites.—The description of this new mechanism is 
very interesting, especially as the writer of the paper seems to 
have positively simplified the tripping mechanism of the Corliss 
engine, while actually increasing the efficiency of the combination. 

It would be still more interesting if the writer of the paper 
could give an actual indication of the practical limit of speed of 
operation of an engine so equipped, and I should like to ask if he 
has vet had time to determine such limits, and also at what speed 
the diagrams from the engine become objectionably affected. 


It seems certain from the simple character of the mechanism 
that the available speed should be considerably higher than the 
usual releasing gear. 

Generally speaking, it would seem a distinet advance in the art 
of engine design. 

Mr. Suplee.—I would like to ask if any member has any infor- 
mation about the valve gear of the old Babcock-Wilcox engine / 
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My impression is that it had a steam thrown valve gear; that is, 
I think there were tlat slide valves driven by an eccentric and a 
riding cut-off valve on top of that, which was steam thrown. 1 
think our past President, Mr. Babeock, spent a greal deal of time 
on it, and in tests with the Corliss engine obtained very good re- 
sults. 

Mr. Kent.—I think that the test referred to by Mr. Suplee will 
probably be found in the published Transactions of the American 
Institute (New York City). The test was made at the American 
Institute Fair in 1871, | believe, when that engine was exhibited 
in competition with other engines. It is quite possible that the 
record of the test will also be found in some of the scientific publi- 
cations of the time, such as the Scientific American, 

I trust that before the paper is finally printed in the T'ransac- 
tions the Seeretary will communicate with some of the members 
who are specially expert in this line, such as Mr. Stanwood, of 
Cincinnati, and ask for a more complete discussion than it 1s pos- 
sible to give to the subject here. I think this whole subject is im- 
portant enough to be threshed out well and not passed over with 
such very brief discussion as we can give it to-night. 

Mr. Richard IH. Rice.—I1 am unable to agree that this valve gear 
will be as useful and beneticial as the paper would seem to indi- 
cate. I am inclined to think that it will be found in a short time 
to wear leaky, and will then be not so reliable as a gear which is 
driven directly from the shaft of the engine, and which either has 
to move with it or cause a rupture of some part. In this latter 
case the question of the operation of the gear is simply a question 
of size and strength of the parts. In the gear in question we have 
pistons which move under the influence of various disturbing 
causes, such as the lack of lubrication and the possibility of the 
introduction of foreign matter, and my experience with gears 
actuated by other means than mechanical ones would lead me to 
expect that it would have a short life. 

Mr. W. H. Collier.*—The objectionable feature of this valve 
gear as pointed out by Mr. Rice, that is, “ not so reliable as a gear 
which is driven directly from the shaft of the engine and which 
either has to move with it or cause a rupture of some part,” is 
one of the advantages claimed for this gear. 

Mr. Rice states that the “ lack of lubrication and the possibility 


* Author’s Closure, under the Rules. 
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of the introduction of foreign matter are also objectionable fea 
tures.” In this connection L will state that the steam supply for 
this valve gear is connected to the steam pipe of the engine below 
the lubricator giving the gear the same lubrication as the engine. 
An individual lubricator is also provided for this gear. The above 
method of steam connection precludes the possibility of foreign 
matter entering the valve gear. 

A recent examination of this valve gear after same had been in 
daily operation for eleven months, three months of that time for 
twenty hours per day, shows that the wear on the gear is not per- 
ceptible. IT would further state that the valve gear has not re- 
ceived repairs of any kind or caused one moment's trouble during 
this entire time. 

I would also add that in a heavy duty engine of this type, 
completed two months ago, the cushioning cylinders have been 
eliminated and the actuating pistons made to cushion on exhaust 
steam while the ports of the actuating cylinders are beneath the 
controlling valve insuring a steam-tight valve. This engine was 
made to run 210 revolutions per minute, the strength of the fly 
wheel preventing a greater speed. 
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No, 1093. 
FRANZ REULEAUX. 
IN MEMORIAM. 


BY. H. H. SUPLEE, NEW YORK, N. Y. 


(Member of the Society.) 


Professor Dr. Franz Reuleaux, Honorary Member of the So- 
ciety, died at his home in Berlin, August 20, 1905. 

Prof. Reuleaux was born September 30, 1829, at Eschweiler, 
near Aachen, Germany, so that he had nearly completed the 
seventy-fifth year of a life of activity and productiveness devoted 
to the advancement of the applied science of engineering. His 
father, Johann Josef teuleaux, was the founder of one of the 
earliest machine shops in Germany, and in this establishment 
the youth acquired practical shop experience until attracted by 
the growing fame of Redtenbacher, then professor of machine 
design at the Karlsruhe Polytechnic School, Reuleaux entered 
that institution in 1850. It is thus interesting to note that the 
future professor and author acquired his shop experience first and 
followed this with the best technical course then available; and, 
as if this was not enough, he proceeded to the universities of Ber- 
lin and Bonn, thus securing a literary and philosophical education 
as Well as a practical mechanical training. 

While a student at Bonn, and in collaboration with his friend 
C. L. Moll, Reuleaux issued his first work, entitled: ‘* Aonstruk- 
tionslehre fiir den Maschinenbau,” this being followed by another, 
also in association with Moll, ‘* Die Festigheit der Materialien.”’ 
These two works, treating respectively of machine design and of 
the strength of materials, show marked originality in the discus- 
sion of the subjects, being the first in which the modern notions 
of the elastic theory and the working fiber stress appear in dis- 
tinction from the old method of employing only the ultimate re- 
sistance of the material tempered by an assumed factor of safety. 
From the very first Reuleaux avoided the use of arbitrary and 
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empirical methods, and strove to impress the importance of accu- 
rate and precise knowledge of the actual conditions of work. 

In 1854 Reuleaux left the university of Bonn and went to Co- 
logne, taking charge of a machine shop there, and thus adding to 


Fic. 292. 


his practical experience, but in 1556 he entered upon his true 
career as a teacher by becoming Professor of Mechanics at the 
Ziirich Polytechnikum, this institution having just been opened. 
Here he formed one of a group of famous engineers and instruc- 
tors, among whom, as original contributors to knowledge, may 
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be also mentioned Zeuner, Culmann and Clausius, so that from 
this earnest little Swiss town, the home of Pestalozzi, and always 
foremost in the science of education, emanated the modern theory 
of machine design, the development of the mechanical theory of 
heat, the evolution of the slide-valve diagram, and the modern 
science of graphical statics. 

At Ziirich Reuleaux wrote his treatise: ** Berechnung der Wicht- 
igsten Federarten,”’ this being a treatise upon the proportions of 
springs, a subject about which there had until then been no 
definite information upon record, and in preparation of which 
he had to undertake an exhaustive series of experiments, the 
models for which may yet be seen in the cabinet at the Ziirich 
Polytechnic. This work was followed by the first of his great 
treatises, *‘ Der Nonstrukteur,? a book which has had a control- 
ling influence, acknowledged and unacknowledged, upon machine 
design in all parts of the world. 

The first edition of this book appeared in 1861, and succeeding 
enlarged editions appeared in rapid succession, the fourth, nearly 
three times the size of the first, being published in 1889, and 
the work having been translated into French, Swedish, Russian 
and English. 

While at Ziirich Reuleaux received a call to the Polytechnic 
School at Riga, of which the scope was then being extended; this 
he declined, but shortly afterward, in 1864, he accepted a call to 
become professor at the Gewerbe Akademie in Berlin, and when 
this institution was consolidated with the Royal Academy of 
Architecture to form the great Royal Technical High School at 
Charlottenburg, known all over the world as the Adnigliche Tech- 
nische Hochschule, Reuleaux was made its director, a position 
which he held until 1896, when he was retired, having completed 
his forty years of active professional work. 

Professor Reuleaux took an active interest in international ex- 
positions, and represented Prussia in London in 1862, at Paris in 
1867, Vienna in 1873, and Philadelphia in 1876, as member of the 
jury, and also as Imperial German Commissioner at Philadelphia 
in 1876, Sydney in 1879, and Melbourne in 1881, and was also 
Honorary Prussian Commissioner at Chicago in 1893. It was 
in the course of his work at the Philadelphia Centennial in 1876 
that he took occasion to characterize the wholly inadequate Ger- 
man representation in his ‘‘ Briefe aus Philadelphia” as “‘ billig 
und schlecht,” orcheap and nasty. That it took some courage to 
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antagonize the home industries in this outspoken manner is evi- 
dent from the storm of disapproval which his reports awakened, 
but the ultimate consequence was apparent in the rapid improve- 
ment which appeared in the products of the German machine 
shops from that time, much of this improvement being due both 
to the seathing criticism which Reuleaux had had the courage to 
utter, and to the influence of the educational work which was 
being conducted under his supervision, 

In 1875 appeared his most original work, the ‘* Z/coretische 
Ninematik,” well known to English reading engineers through 
Sir Alexander Kennedy’s masterly translation as the *‘ Theoret- 
ical Kinematics. ”’ 

This remarkable work is nothing more nor less than an attempt 
to bring the entire science of mechanical movements into a sys- 
tematic form, this plan involving the invention of a new nota- 
tion permitting any combination of parts to be represented by a 
written formula, so that, however deeply the actual mechanism 
might be concealed within the construction, its identity would be 
fully revealed simply by writing its obvious formula. Thus, in 
the case of a revolving crank with a connecting rod joining it to 
a rocker arm, the older writers considered this simple combination 
as composed of but three parts. Reuleaux, however, perceived 
that the frame or bed-plate, or even the floor, by which the axles 
of the crank and the rocker were held in their positions, formed 
a fourth member, the whole thus consisting of a closed chain or 
circuit, of which any member might be considered as fixed and the 
others free to move, and the various ‘* inversions *’ of such a sys- 
tem led to interesting combinations. It is found that the num- 
ber of such simple trains of mechanism is comparatively few, 
while every machine can be resolved into a combination of sev- 
eral trains, and it is in this manner that every variety of machine, 
however complex, can be analyzed. After examining the entire 
field of technical literature, Reuleaux failed to discover any pre- 
cise detinition of a machine, and hence, in his Theoretical Kine- 
matics, he gives the following, which has not been superseded by 
any later author: ‘‘A machine is a combination of resistent bodies 
so arranged that by their means the mechanical forces of Nature 
can be compelled to do work, accompanied by certain determinate 
motions.”’ 

From the beginning of his work Reuleaux placed reliance upon 
the use of working models as illustrations of mechanical concep- 
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tions, and the cabinet of kinematic models prepared from his de- 
signs at Charlottenburg forms a noteworthy portion of the equip- 
ment of that institution. Copies of many of these models have 
been made for other educational institutions, the most complete 
being at MeGill University at Montreal and at Cornell University 
at Ithaca. 

After his retirement from the active work of instruction, Pro- 
fessor Reuleaux devoted himself to consulting practice and to the 
continuation of his literary work. The second portion of his 
‘** Kinematics’? appeared in 1900, this being termed ‘‘Applied 
Kinematics,”? as supplementing the former ‘‘ Theoretical Kine- 
matics,’’ and he also prepared numerous papers for presentation 
before technical societies. 

While Professor Reuleaux achieved fame as an engineer and 
as a technical writer and instructor, he was, to those who knew 
him intimately, a man of broad culture and many-sided acquire- 
ments. A remarkable linguist, speaking and writing French, 
Italian and English freely, he was versed in literature and the 
arts as well as in science. While visiting the World’s Fair at 
Chicago it was most interesting to hear his profound comments 
upon matters of architecture and ethnology, while a visit to the 
art museum showed his familiarity with details of archeology 
and painting. As an example of the brilliant literary capacity 
of the man, he visited, in 1893, the Minnehaha Falls, and this 
incited him to make a translation of Longfellow’s poem ‘ Hia- 
watha’’ into German poetry of a high order, this difficult piece 
of work being done in what was supposed to be a vacation from 
his professorial duties. His remarkable address, “ Kultur und 
Technik,’’ delivered in Vienna in 1884, and published in an Eng- 
lish translation by the Smithsonian Institution in 1890, is another 
example of his broad survey of the field of art and science. 

In addition to his engineering work he filled the position of a 
trustee of the Royal Museum of Arts at Berlin, and was a member 
of the Commission for the Purification of the German language. 
He was also honored with the appointment of Royal Privy Coun- 
cillor, and was the recipient of a great number of honorary and 
academic degrees and titles. 

Professor Reuleaux was elected an Honorary Member of the 
American Society of Mechanical Engineers on November 2, 1882, 
and contributed to its Transactions a paper upon “ Friction in 
Toothed Gearing ”’ at the New York Meeting in 1886. 
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CHARLES L. BAILEY. 


Mr. Charles L. Bailey was born in Newark, N.J., March 11th, 
1868. After preliminary instruction in making patent drawings 
he entered the drawing-room of the Pratt & Whitney Company 
in Hartford, 1886, and remained there for two years. 

He then became draftsman for the engineering department of 
the municipal government of the District of Columbia. 

In 1891 he owned and operated a machine shop in Minneapolis; 
in 1893 was designer for two years with various companies, be- 
coming connected in 15895 with the Pope Manufacturing Com- 
pany of Hartford as mechanical engineer. From 188 to 1901 was 
master mechanic with the Coe Brass Manufacturing Company of 
Torrington, Conn., and in 1902 became mechanical engineer of 
the Waterbury Farrel Foundry & Machine Company, building 
presses and automatic machinery. 

He connected himself as a junior with the Society in 1890, and 
was promoted in 102. 

In April, 1903, he accepted a position with the Draper Co., 
Hopedale, Mass., designing and developing automatic machinery 
for the manufacture of bobbins and shuttles; this position he held 
at the time of his death, which occurred at Milford, Mass., No- i 
vember 24th, 1904. 


WILLIAM B. BOGARDUS. 


Mr. Bogardus was born in Chicago in 1873, and a year later 
his parents brought him to Buffalo, New York. — [is first school- 
ing was received at the Buffalo public schools, and later at the 
Buffalo High School, where he finished a four years’ course in 
less than three years. He graduated from the mechanical en- 
gineering department of Sibley College, Cornell University, in 
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1896, and though only thirty-two years of age at his death, he 
was regarded as one of the highest authorities in the construction 
of Portland Cement mills, which he had made his specialty since 
leaving college in 1896. Upon leaving college he entered the 
cement business, and step by step advanced until he had become 
a master in his chosen specialty. Ile designed many of the 
cement mills of this country and Canada, and credit is due him 
for many of the improvements in the cement industry. Though 
he had designed a number of plants before this, his most important 
work was done after he had founded the Peninsular Engineering 
& Construction Co. of Jackson, Michigan, of which he was 
president and chief engineer. Included among these later plants 
are the National Portland Cement Co. at Durham, Ontario, The 
Peninsular Portland Cement Co. at Jackson, Michigan, The South- 
ern States Portland Cement Co. at Atlanta, Georgia, and the 
Western States Portland Cement Co. at Independence, Kansas. 
All of the above were designed and built in the last five years, 
and aggregate in cost about five millions of dollars. Besides be- 
ing emploved by the above-named companies to design their 
plants, Mr. Bogardus was consulting engineer for other cement 
plants, crushing plants, and other manufacturing industries. 

His death occurred at Spokane, Wash., on November Ist, 1905. 
He became an associate member of this Society in December, 
1900, 


JAMES THOMAS BOYD. 

Mr. Boyd was born at Fishkill-on-Hudson, N. Y., November 
25th, 1846, and was educated at the Academy in Newburg, N. 
Y., and in 1863 became a draftsman at the Washington Iron 
Works at Newburg. 

In 1864 he entered the navy as third assistant engineer, and 
served on the 8.8. ‘* Dumbarton *’ until the end of the war. Soon 
after this he became a draftsman at the Atlantic Works at East 
Boston, Mass., and remained with this company until 1871, when 
he became superintendent of the Standard Chain Works at East 
Bridgewater, Mass., and the following year assisted in the design 
of a plant for the manufacture of pipe for the market. 

In 1874 he became designing and constructing engineer for 
the Atlantic Works at East Boston, Mass. 

In 1892 he became manager of the George F. Blake Manufac- 
turing Co. and the Knowles Steam Pump Works. 
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In 185 he left the above companies and opened an office in 
Boston as consulting engineer. He served in this latter capacity 
. with the Athantic Works, of which he was also a director, with 
i the Edison Electric Illuminating Co. and the Metropolitan 
S.S. Co. 

He was a member of the American Society of Civil Engineers, 
the Society of Naval Architects and Marine Engineers, the Boston 
} Society of Naval Engineers, and of this Society, which latter 
he joined at the Pittsburg meeting in ISs4. 

: Hlis death occurred November 3rd, 104, at Boston, Mass. 


THEODORE BURGDORF. 


22nd, 1854. He entered the Naval Academy in L873, and after 
graduating became an assistant engineer in 1877. — His first 
service was on the U.S. S. **Swatara,’’ on which he served 
three years. Ifis next duty was in Washington with the Bureau 
| of Steam Engineering. <A vear later he joined the U. 8. 8. 
** Nipsic *’ on a three years’ cruise in European waters. On his ‘ 
return to the United States he was again on duty in the Bureau 
of Steam Engineering, this time for two vears. is next service 
was on the U. 8. S. ‘* Troquois’’ on the South Pacific station. 
After returning from this station, he was made a past assistant 
engineer and assigned to the University of Tennessee, where he 
remained four years as instructor of mechanical engineering. 
His next service was on board the coast survey steamer ** Thetis,”’ 
followed by duty in connection with the trial trip of the U.S. 8. 
‘*Oregon.’> In 1897 he was made a chief engineer, and after a 
brief service in Mare Island Navy Yard crossed the Pacific Ocean 
as chief engineer of the monitor ‘* Monadnock.’’ In 1899 he was 
made a lieutenant commander, and after service on the ** Ore- 
gon’ and ‘** New Orleans”’ returned home and was connected 
with engineering duty at the Navy Yard, New York, followed | 
by duty as inspector of engineering material. In 1903 he was 
appointed fleet engineer of the Caribbean Squadron, and in 
1904 was promoted to the rank of commander. — Ilis last service 
Was as inspector of engineering material. On June 30th of this 
year he was retired as captain. He died July 29th, 1905, 

Ile became a member of this Society in June, 1883. 


| Captain Theodore F. Burgdorf, U. S. N., was born November 
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REUBEN GILBERT COLLINS, 


Mr. Collins was born in Troy, N. Y., March 27th, 1860, and 
moved to Norwich, Conn., when he was ten years old; he attended 
school at the Norwich Academy and gained his mechanical experi- 
ence as an apprentice in his father’s shop; the firm was known as 
J. P. Collins & Co., and they were builders of heavy machinery 
and water-wheels. Ile spent one year in Worcester, Mass., with 
the Holyoke Machine Company as a millwright. In 1887 he be- 
came connected with the Tamarack-Osceola Manufacturing Co., 
and was employed by them to design and build their rolling mills 
at Dollar Bay, Michigan. After the works were completed he 
became the general superintendent. After leaving their employ 
he became superintendent of the Wyandotte Mining Co. of 
Michigan and remained in that position for about two years. In 
1900 he accepted a position with the Anaconda Copper Mining 
Co. as assistant chief engineer in the construction of their new 
reduction works at Anaconda, and after the completion of the 
works he became mechanical superintendent for the works. In 
July, 1904, he moved to Seattle, Wash., and was associated as 
partner in a firm known as Gerrick, Collins & Gerrick, contrac- 
tors for structural steel, and was engaged in this business at the 
time of his death, which occurred in Oakland, California, on Feb- 
ruary 9th, 1905. Ile was on a business trip to San Francisco, and 
no particulars are known in regard to the manner of his death 
except that he was found beside a railroad track entering Oak- 
land, consequently must either have fallen from the train or been 
run over by the train. 

He had had a wide experience in the construction and operation 
of rolling mills and reduction works and had occupied various 
positions of trust and responsibility. 

He became a member of the Society at the New York meeting 
in 1894, 


GEORGE EDWARD DIXON. 


Mr. Dixon was born in the city of Leeds, England, March 20th, 
1850. His father, Edward Dixon, was an army contractor, be- 
ing the third generation of the family to follow that business. 
Ilis early education was acquired at private schools, after which 
he attended and graduated from Gramham College in Yorkshire. 

In early youth Mr. Dixon held a strong liking for the engineer- 
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ing profession, but this was no doubt tempered somewhat by his 
love for a soldier’s life. After leaving college he entered the 
offices of Messrs. Varvill & Sons of York, where he remained 
several years and learned the business of an ironmonger, a busi- 
ness he thoroughly detested. 

In 1878 he was commissioned second lieutenant in the army, 
but in LSs0 resigned from the Queen’s Service with the rank of 
first lieutenant, and in April, ISs1, removed with his family to 
the States, going as far west as Parsons, Kansas, and shortly after 
to Cincinnati, where he identified himself with the heating busi- 
ness, remaining there until 1885, when he moved to Chicago. 
During a career in that city of twenty years he was associated 
with the leading heating and ventilating engineers of the time. 
In 1888 he entered into partnership with Mr. Caldwell of the 
Goulds & Caldwell Manufacturing Co., but severing his connec- 
tion with Mr. Caldwellin 1803 to found the firm now known as 
George E. Dixon & Co.—a tirm Mr. Dixon lived to see take its 
place among the first heating and ventilating engineering firms 
of this country, some of the largest plants in the United States 
being installed by his firm. Associated with Mr. Dixon in the 
firm were his two sons, who now carry on the business so firmly 
established by him. 

One of the first hot-water heating apparatus ever installed in 
a public building was designed by Mr. Dixon and erected in what 
is known as the Fairbanks Building in Chicago. This plant at- 
tracted a great deal of attention at the time, as it was generally 
held by heating engineers in this country that hot-water apparatus 
was inapplicable to the heating of large buildings. The plant 
Was a great success and is in operation to-day. 

Mr. Dixon designed and patented several heating appliances. 
Among them the Eclipse back- pressure valve, and the Dixon radi- 
ator shield. 

He also designed, though never patented, the corner radiator 
valve which is now in such common us». The standard table 
of dimensions of fire-box boilers was also compiled by him for 
his own use, but is now in universal use by boiler manufacturers. 

Mr. Dixon’s death oceurred June 26th, 1904, when motoring 
with his wife near Chicago. Their car was struck by an electric 
train and they were both instantly killed. Among his business 
associates Mr. Dixon was held in the highest esteem for his busi- 
ness integrity and his great capability as a mechanical engineer. 
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He was one of the pioneers in the heating industry of this coun- 
try and contributed largely toward the development of that appar- 
ently almost perfect apparatus, the modern steam plant as applied 
to large buildings. 

He joined the Society at the Washington meeting in May, 1887. 


CARL FANNING EICKS. 

Mr. Eicks was born March 23rd, 1880, in New York city, where 
he attended the publie schools. In 1902 he graduated from Ste- 
vens’ Institute. Ilis shop experience was with the Richmond 
Locomotive Works, the Bath Lron Works, and the Virginia Iron, 
Coke & Coal Company. 

On leaving the Institute he went to Denver, Colo., to accept 
iu position, but returned shortly to associate himself with the 
Jones Underfeed Stoker Co. as salesman in their New York 
office, and later was made one of the representatives of that com- 
pany in their main office at Montreal, Canada. 

Owing to ill health he returned to New York and accepted a 
position with the C. W. Hunt Co. of West New Brighton, Staten 
Island, N. Y. Tis health failing, he gave up this position and 
went to Liberty, N. Y. His death occurred at that place on Sep- 
tember 20th, 1904. 

Ie connected himself with this Society at the New York meet- 
ing in 1902. 

ANDREW FLETCHER. 

Mr. Fletcher was born in Scotland on the 14th of March, 1829. 
Ile served the regular apprenticeship as a machinist in the Archi- 
medes Works (Ifenry R. Dunham & Co.) of this city. While an 
apprentice he was marked by Mr. Dunham as an especially ener- 
getic and skilful workman, so much so that when barely out of 
his time he erected steamboat engines for Mr. Dunham. He was 
also sent by Mr. Dunham to Cuba at a critical period to erect and 
run, in one of the large sugar plantations some distance from 
Havana, the entire sugar plant machinery and engine required 
for same. On his return he still continued in the employ of Mr. 
Dunham, attracting general attention by his work on the steam- 
ers of that date, the principal ones being the then well-known 
steamers Alida’? and Armenia.” 

In 1853 Mr. William Harrison, doing business on West Street 
near the Dunham works, had a son, Joseph G. Harrison, just of 
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age, who had served his time as machinist in the Cunningham 
works near by. Desiring to put his son into business and having 
noted the skill and personality of Andrew Fletcher and his elder 
brother William, he approached them with the ultimate result 
that the firm of Fletcher, Harrison & Co. was formed, and they 
established what was then and is now known as the North River 
Iron Works. It so happened that just at this time Mr. Henry R. 
Dunham retired from business, so that there was no friction be- 
tween the former employer of the Fletchers and the new concern. 
The North River Iron Works commenced business making repairs 
on river steamers, but it was not long before a contract was given 
to them to build an engine for the first steamer to run between 
New York and Harlem on the East River—the steamer ** Sylvan 
Shore.’? This steamer was so successful that the following year 
the steamer ‘* Sylvan Grove”’ was ordered and the engine was built 
by the North River Iron Works. — Froin this time to 1860 the firm 
built a number of river steamers, every one of which was a distinct 
success, but Mr. Andrew Fletcher’s opportunity came in the vear 
1861. At this time the fastest Hudson River steamer was the 
Thomas Powell,’? commanded by Captain A. E. Anderson and 
owned by himself and two others. Desiring to build a better 
boat than the ‘* Thomas Powell,’? Captain Anderson conferred 
with Mr. Andrew Fletcher, who agreed to build the machinery 
for a steamer to be one-half hour faster between New York and 
tondout than the ‘‘ Thomas Powell.’ The contract for the hull 
was given to Mr. Michael Allison of Jersey City, and for the 
machinery to Fletcher, Harrison & Co., the result being that in 
1862 the famous steamer * Mary Powell’? made her appearance 
on the river and proved herself to be then, and for many years 
after, the fastest river steamer of this country. 

The reputation gained by Fletcher, Harrison & Co., and by Mr. 
Andrew Fletcher in particular, through the steamer ‘* Mary 
Powell,”’ was a sufficient foundation for the future success of the 
firm, and from that time to the present no concern has been more 
uniformly successful in all its undertakings than the North River 
Iron Works, known consecutively as Fletcher, Harrison & Co. ; 
W. & A. Fletcher, after the retirement of Mr. Harrison in 1880; 
and W. & A. Fletcher Co., a corporation formed after the death 
of Mr. William Fletcher in 1883. Mr. Andrew Fletcher was 
president and treasurer of the W. & A. Fletcher Co. from the 
time of its incorporation until his death. 
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This is the brief story of Mr. Fletcher as an engineer. As 
such he was not excelled, his natural ability being enhanced 
by his study of the various problems involved, which resulted 
in the formation of a judgment often sought by steamboat 
people throughout the United States. For instance, Mr. Van 
Santvoord, who controlled the Iludson River Day Line to 
Albany—the boats of which have always been so well and 
favorably known—invariably consulted Andrew Fletcher and 
would only give his contracts for changes of or for new machinery 
to the North River [ron Works; and when the Fall River Line 
desired to make a departure from the then magnificent wooden- 
hulled steamers ** Bristol” and ‘* Providence *’ and to build the 
steel-hulled steamer Pilgrim,’? Mr. Andrew Fletcher's advice 
was sought by the late George Peirce, who became so well known 
as the constructor of the great Fall River Line steamers. The 
intimacy and confidence then formed resulted in the contracts 
being given to the W. « A. Fletcher Co. for the succeeding 
steamers ‘* Puritan,”’ Plymouth,’* and Priscilla,’* the success 
of every one of which is well known. 

Andrew Fletcher was a born engineer who instinctively knew 
what was right and safe. Added to this he possessed an integrity 
that only permitted work to be done in the best manner and all 
contracts were finished in this spirit regardless of the letter and 
of cost. 

He connected himself with the Society at the New York meet- 
ing in 188%. 


GEORGE WILLIAM FRANK. 


Mr. Frank was born November 28th, 1861, at Warsaw, N. Y. 
After preliminary education in the Brooklyn Polytechnic Institute 
and the Poughkeepsie Military Academy, he took the civil en- 
gineering course at the Rensselaer Polytechnic Institute of Troy, 
N. Y. While a student there he was employed during vacation 
periods on engineering work with the C, B. & Q. R. R. 

In the summer of 1881 he built an impounding dam at Corning, 
Iowa, and had entire and responsible charge of the work. 

In 1884 he became a resident of Kearney, Neb., and engaged in 
business there. In 1891 he took the special course in architecture 
at the Boston School of Technology and afterwards drafted the 
plans for various schools and buildings in Kearney. He assisted 
in the management of the G. W. Frank Improvement Co., which 
53 
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included the Kearney Canal Co., the Street Railroad Co., and the 
Kearney Electric Light Co. 

In 1898 he eame to New York as assistant engineer and archi- 
tect for J. G. White & Co., designing buildings for power plants, 
electric railways and the like. : 

ITis last active work was with the Whiting Reduction Co. in 
charge of the Yadkin River Hydraulic Department. 

His death occurred at Liberty, N. Y., on January 19th, 1905, 

He was associated with the American Society of Civil Engineers, 
the American Institute of Electrical Engineers, the National Geo- 
graphical Society, and became a member of this Society in 1900, 


ROBISON C. GREER. 


Mr. Greer was born at Newport, Ky., December 2nd, 1866. 
His death occurred December 16th, 1904. 

Asa boy he manifested a decided taste for mechanics and was 
apprenticed to the machine shops of the Lane & Bodley Co. of 
Cincinnati, O., where subsequently he was advanced to the draft- 
ing room. 

From 1892 to 1893 he made a specialty of the design and con- 
struction of roasters for ores and of general blast furnace ma- 
chinery. 

In 1895 he became one of the experts in the manufacture of 
Columbia bicycles, designing tools and inspecting quality. 

He connected himself with this Society at the Niagara Falls 
meeting in 1808. 


DAVID J. MATLACK, 


Mr. Matlack had a career that was remarkable in many ways. 
IIe was born in Philadelphia 72 years ago, and after a common- 
school education entered the I. P. Morris Co.’s shops as an ap- 
prentice in February, 1849. After his apprenticeship he remained 
with the company as a journeyman. In 1863 he was made fore- 
man, and in 1875 a member of the firm. When the I. P. Morris 
Co. became a part of the William Cramp & Sons Ship and Engine 
Building Co., Mr. Matlack was retained in his position as foundry 
superintendent. At the time of his death he had worked for 
the same concern for 55 years, which in itself is certainly a re- 
markable fact; but when we consider the man’s work and what 
he has done, we see that this is a much more remarkable record. 

For many years the foundry with which he was connected was 
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noted for turning out the largest and most intricate work cast in 
the United States. Mr. Matlack was recognized as one of, if not 
the foremost, foundryman in this country, if not in the world. 
Many engineers in different parts of the United States and Canada 
have consulted him concerning difficult work which they had 
on hand. 

Some idea of the work carried on under Mr. Matlack can be 
formed when we consider a statement made by Mr. E. D. Leavitt, 
engineer for the Calumet & Hecla Copper Co., to the effeet that 
Mr. Matlack had made castings valued at over $5,000,000 for 
his company alone. 

At the time of his death, July 25th, 1904, Mr. Matlack was 
apparently in perfect health, and the day he died had just super- 
intended the pouring of a very large and difficult casting for a 
large turbine. Ile went to his suburban home as usual, but im- 
mediately after dinner died of heart disease. 

Mr. Matlack was a member of the American Foundrymen’s 
Association and of this Society, having joined at the New York 
meeting of 1583. 


THOMAS R. MORGAN. 


Mr. Morgan was born in South Wales in 1859, coming to this 
country with his father at the age of six. 

He began work in his father’s shop in Pittsburg while a mere 
boy. When not at school he spent all of his spare time in the 
shop, commencing at the bottom of the ladder. He was in turn 
foreman, engineer, machinist, and he became a very skilful 
draftsman. 

He received a good common-school education and finished at 
Mount Union College at Alliance, 0. 

After leaving college he served a regular apprenticeship in the 
works at Alliance, to which place his father had removed from 
Pittsburg. The firm was first Marchand & Morgan, then 
Morgan, Williams & Co., and later The Morgan Engineering Co. 
He soon became superintendent, and at the age of 21 years was 
general manager, holding that position until he left the concern 
on the death of his father in 1897. To his ability, hard work and 
wonderful personality was due, next to his father, the success of 
that company. 

He became connected with The American Society of Mechani- 
cal Engineers at the Pittsburg meeting in 1884. : 
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In 1898 he became connected with The Wellman-Seaver-En- 
gineering Company, the name of which was soon after changed 
to The Wellman-Seaver- Morgan Engineering Company, and later 
to The Wellman-Seaver-Morgan Company. — He tilled the posi- 
tion of Vice-President and works-manager of this company, and 
all associated with him can testify that he filled his position with 
ability. He was a good engineer, a splendid manager of men, and 
had the faculty of getting out of every man under him the best 
that was in him. 

Like his friend and associate, Charles H. Wellman, he was 
beloved by all he came in contact with, and had hosts of friends 
both in business and private life. 

He lost his life as the result of the railroad disaster of the 20th 
Century Limited at Mentor Station, Ohio, on the evening of July 
2Ist, 105, 

He was in the smoking car of that train with his friends, Charles 
If. Wellman and Archibald P. Head, this being the car that was 
mostly demolished in the accident. 


WILLIAM OFFUTT MUNDY. 


Mr. Mundy was born at Louisville, Kentucky, receiving his 
technical education at the Rose Polytechnic Institute and gradu- 
ating with the degrees of M.E. and E.E. in 1899. 

His shop experience was one year as shop superintendent of the 
Louisville Railway Company, July, 1895-1806; three years as 
station superintendent of the Louisville Railway Company; and 
eight months with the Fred. M. Prescott Steam Pump Company 
of Milwaukee, Wisconsin. In March, 1900, he entered the engi- 
neering department of the General Electric Company at Schenec- 
tady, and from February, 1901, until May, 1902, was in charge 
of train control design. In May, 1902, he entered the employ of 
the St. Louis Transit Company as master mechanic of that com- 
pany. August Ist, 1904, he entered the employ of the Westing- 
house Electric Manufacturing Co. as commercial engineer in the 
railway and lighting departments. 

Mr. Mundy joined the Society at its Saratoga Meeting, June, 
1903. His death, March 29th, 1905, was caused by an abscess in 
the ear, developing into cerebro-meningitis. 
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EDWARD HARVEY PARKS. 


Mr. Parks was born at St. Johnsbury, Vt., in 1837. He re- 
ceived his education at the public schools of Worcester. 

In 1866 he entered the employ of the Brown & Sharpe Mfg. 
Co. as foreman of the machine shop, which position he held until 
1879, when he became the mechanical engineer of the firm, hav- 
ing charge of the mechanical departments. 

Some time after this he started in business for himself in Wor- 
cester, but in 1897 was again employed by Brown & Sharpe, 
assuming the position of designer in the engineering department. 

His death occurred from heart disease on June 9th, 1905. 

He joined the Society in 1ss1. 


GEORGE H. PERKINS. 

Mr. Perkins was born in the State of Illinois in 1839. He entered 
the tinsmiths’ trade as an apprentice at fourteen years of age and 
became a shop foreman when still quite young. 

In 1863, in New York, he entered into partnership with Mr. 
Joseph Le Comte, forming the firm of Le Comte & Perkins. 

He took out many patents on machinery and processes for the 
manufacture of tin and other sheet-metal ware and for convenient 
handling of petroleum oil. Ile was also a specialist on the micro- 
scopic study of paraftin and various other petroleum products. 

Among his most important patents, from a commercial stand- 
point, were machines for closing seams on tin cans, nailing boxes, 
and uniting tinned plates by means of heat and pressure without 
the use of flux or solder. His most important scientific inventions 
were an instrument for measuring viscosity and an apparatus for 
examining the physical condition of liquids at any given temper- 
ature. 

He connected himself with the Society at the Atlantic City 
meeting in 1895, and his death occurred on February 2nd, 1905. 


WILLIAM SELLERS. 

Mr. Sellers was born in Upper Darby, Delaware County, Pa., 
September 19th, 1824. He was educated at a private school main- 
tained by his father and two relatives for the education of their 
children, and served his apprenticeship at the machinists’ trade 
with his uncle, John Morton Poole, of Wilmington, Delaware, 
for nearly seven years. 
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In 1845 he took charge of the large machine shop of Fairbanks, 
Bancroft & Co., in Providence, R. I. In 1848 he commenced the 
manufacture of machinists’ tools and mill gearing in Philadel- 
phia, and subsequently joined Edward Bancroft. The new firm 
was Bancroft & Sellers. Later John Sellers, Jr., was admitted 
asa partner, and in 1853 the new shop at 16th Street and Penn- 
svlvania Avenue was occupied. Mr. Bancroft died about 1856, 
and the firm became William Sellers & Co. Finally, in 1886, the 
company was incorporated with William Sellers as president. 

In 1868 he formed the Edgemoor Iron Co., of which he was 
president. This company furnished all of the iron. structural 
material for the Centennial Exhibition buildings, and also all of 
the structural material for the Brooklyn Bridge, with the excep- 
tion of the suspension cables. 

In 1878 Mr. Sellers became president of the Midvale Steel Co., 
Nicetown, Philadelphia, Pa., which he reorganized and which 
under his management became the first successful producer of 
material required by the Government for its steel cannon. 

In 1868 he became a member of the Board of Trustees of the 
University of Pennsylvania, and served continuously until the 
time of his death. 

In 1864 Mr. Sellers was elected a member of the Philosophical 
Society, and in 1873 became a member of the Academy of Natural 
Sciences; he was a member of the Institute of Mechanical Engi- 
neers of Great Britain, the Iron and Steel Institute of Great 
Britain, a corresponding member of the Société d’ Encouragement 
pour L’Industrie Nationale, in Paris, and at the close of the 
Paris Exposition, in 1899, the decoration of Chevalier de la 
Legion d’Honneur was conferred upon him. He was also a 
member of the American Society of Civil Engineers and of this 
Society, having been one of its founders in 1880. 

Mr. Sellers was granted about ninety United States patents, 
the earliest one having been in 1857, and some were pending at 
the time of his death. A great variety of subjects were covered, 
including machine tools, injectors, rifling machines, riveters, 
boilers, hydraulic machinery, furnaces, hoists, cranes, steam 
hammers, steam engines, ordnance, turn tables, pumps, etc. 

Probably the best known of his inventions is the spiral gear 
planer drive, in which the table is moved back and forth by a 
multi-thread screw on an inclined shaft engaging with a rack on 
the under surface of the table. 
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In 1847 Mr. Sellers was elected a member of the Franklin Insti- 
tute. He served asa member of the Board of Managers from 1857 
to 1861 and again from 1864 to 1892. He served as president from 
to L867. 

As chairman of a special committee of the Institute, he formu- 
lated a uniform system of screw threads which was presented to 
the Institute at a meeting on September 15th, 156-4. 

This report was approved by the Institute, and within a few 
years was adopted by the Government in its workshops by the 
leading railroad companies, prominent machine tool builders and 
others, under the various names of the United States, Sellers, or 
Franklin Institute Systems. 

The leading difference between the Sellers and Whitworth 
forms lies in the angle of the thread and in the fact that it hasa 
at top and bottom instead of being round. 

In 18!) the Navy Department at Washington sent out specifi- 
cations to machine tool builders for an eight-foot turning and 
boring lathe for sixteen-inch steel cannon. The main bed was 
nine feet wide and over seventy-three feet long, the extension 
bed for the boring arrangement was about fifty-three feet long 
and five feet wide, making a total length of over one hundred and 
twenty-eight feet. 

Mr. Sellers did not approve of the Government design and re- 
fused to bid, but he had a complete new design made, and con- 
vinced the Board of Engineers at Washington of the superiority 
of his design, which they adopted, discarding their own. 

Mr. Sellers received the contract for this lathe, which weighed 
about 500,000 pounds. 

In 1860, during a visit to England, his attention was called to 
the Gifford injector for feeding steam boilers. The device was 
crude, but Mr. Sellers saw in it the elements of a novel principle. 

He secured the American rights and commenced the manufacture 
of these injectors, which he slightly modified, however. In 1865, 
after various improvements, he invented and patented the self- 
adjusting combining tube which automatically adjusted the sup- 
ply of water to meet the requirements of varying steam pressures. 
Further developments led to the most advanced and satisfactory 
forms of locomotive injectors. 
Mr. Sellers died January 24th, 1905, in the 81st year of his age. 
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FREDERICK W. TAYLOR, Jr. 


Mr. Taylor was born at St. Johnsbury, Vt., December 28th, 
Isso. He received his education at the Union School and the 
St. Johnsbury Academy, graduating from the latter in 1S99. 

He spent the following year in the drafting department of E. 
& T. Fairbanks & Co. He then took a two-vears’ course at the 
Pratt Institute at Brooklyn, N. Y., graduating as a mechanical 
engineer in 1103, 

He then returned to the Fairbanks Co. in the engineering 
department, which occupation he continued until the time of his 
death, which occurred very suddenly on July 24th, 105, 

He connected himself with the Society at the New York meet- 
ing in December, 1902. 
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WILLIAM G. VERNON. 


Mr. Vernon was born in Delaware County, Pa., June 26th, 
1844. He served an apprenticeship at the machinist trade, 
and then went with Pusey & Jones, Wilmington, Delaware, 
from which he later passed to the Baldwin Locomotive Works, 
where he served for fourteen years, of which six were as a con- 
tractor and eight as foreman of one of the shops. 

Subsequently he connected himself with the firm of Goodell 
& Waters as .partner, making a specialty of wood-working 
machinery. In the spring of 1895 he sold out his interest in the 
firm of Goodell & Waters and became one of the owners and gen- 
eral manager of the Philadelphia Lawn Mower Co. of this city. 

He connected himself with the Society at the New York meet- 
ing in 1889, and his death, May 12th, 1904, resulted from apoplexy. 


CHARLES H. WELLMAN. 


Mr. Wellman was born June 12th, 1864, in Nashua, N. H. 
After the ordinary school training he went to Alliance, O., where 
he served two years, from 1884 to 1886, as machinist apprentice 
in the works of The Morgan Engineering Company, passing from 
the shop to the drafting-room of that company. 

From 1886 to 1887 he had charge of the drawing-room of The 
Otis Steel Co., and was promoted from that position to super- 
intendent of the new open hearth department, staying with that 
company until the latter part of 1889. 
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From 1890 to 1895 he was superintendent of The Wellman Iron 
and Steel Company at Thurlow, Pa. 

He became a member of The American Society of Mechanical 
Engineers at the June meeting in Detroit in 1895. 

From Thurlow he went to Chicago, and had charge, as super- 
intendent, of the new Open Hearth steel plant and plate mill of 
the Illinois Steel Company at their South Chicago works, filling 
that position with signal ability from 1805 to 1s06. 

He left Chicago in 1896 to become associated with his brother, 
S. T. Wellman, and Mr. J. W. Seaver in the organization of The 
Wellman-Seaver Engineering Company at Cleveland, Ohio, as 
its general manager. The great success of that company in the 
line of iron and steel engineering and construction was very 
largely due to his ability and hard work. 

Ile was an untiring worker and was of such a genial personality 
that he made friends with every one that he came in contact with, 
no matter whether it was the common workman in the steel works 
or the millionaire in his home or office. He was always pleasant 
and had a kind word for every one, and always looked on the 
bright side of everything. 

His death took place June 22nd, 1905, as one of the consequences 
of the wreck of the 20th Century Limited at Mentor Station, 
Ohio, due to a misplaced switch on the line. Ile was on the train 
with his friend Mr. T. R. Morgan and Archibald P. Head of Lon- 
don, who were also victims of the same disaster. 


CHARLES MASON WILKES. 


Mr. Wilkes was born in Manchester, Conn., May 29th, 1858; 
received the degree of B.S. from Massachusetts Institute of Tech- 
nology in 1881. His professional work since graduation has been 
in connection with the Massachusetts Drainage Commission in the 
interests of the city of Boston, and upon the sewage system of the 
city of St. Paul. He was assistant chief engineer of the World’s 
Fair in 183, having charge of the water, sewage and fire pro- 
tection department, and was in charge of the construction in all 
of the above systems. 

When he connected himself with the Society at the New York 
meeting of December, 1895, he had-been engineer with the firm 
of D. H. Burnham & Company, making a specialty of sanitation, 
steam heating and ventilation of large buildings, and ‘continued 
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with them until his death, designing all of the power, light, 
electric and sanitary plants erected by them. 

Ile was engaged in this work at the time of his death, which 
took place at Philadelphia as the result of Bright’s disease, Jan- 
uary 7th, 1905. 


HERMAN F. WITTE. 


Mr. Witte was born July 16th, 1860, at Blue Island, Tl. He 
served his apprenticeship with the American Steam Engine Works 
of Chicago. In 1887 he became foreman of the Crane Elevator 
Company, and in 188% became the general superintendent of the 
Otis Elevator Company at Yonkers, N. Y. 

Ile was the inventor of special designs for an hydraulic valve 
for high pressure when the pilot valve is operated on low pressure 
for elevator service. 

He connected himself with the Society at the New York meet- 
ing in 1902, and his death occurred at Yonkers on June 26th, 1904. 


HORACE W. WYMAN. 


Mr. Wyman was born in Worcester, May 30th, 1861. He 


graduated from the Worcester Free Institute in 1882, and then 
worked as a draftsman at the Crompton Loom Works. 

Then the firm of Wyman & Gordon made its start in a small 
shop of two rooms, one for drop-forging, and one for the ma- 
chine work, at 30 Bradley Street, where the present large build- 
ings stand. Gradually, but steadily, the business has grown until 
150 men are employed, and it is rated one of the most important 
drop-forging shops in the country. 

In 1903 an additional plant was built in Cleveland, which has 
grown until it nearly equals the Worcester plant. Mr. Gordon 
removed to Cleveland and took charge of that shop on its comple- 
tion in 1904. Beside his drop-forging business, Mr. Wyman, in 
1889, in company with his father, Hlorace Wyman, organized the 
Worcester Storage Co., of which he was treasurer and manager. 
He was a trustee in the Worcester County institution for savings. 

He connected himself with the Society at the Chicago meeting 
of May, 1886. 

His death occurred early in October, 1905. 
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